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GROUND-WATER APPRAISAL OF THE SANTA YNEZ RIVER
BASIN, SANTA BARBARA COUNTY, CALIFORNIA, 1945-52

By H. D. Wison, Jr.

ABSTRACT

Investigations of the ground-water resources of the Santa Ynez River basin
prior to 1945 revealed that water levels had fluctuated only a little. Estimates
of perennial yield therefore were based on the assumption that the base rate
of ground-water inflow apparently was at least equal to withdrawals. Com-
mencing in 1945, however, ground-water levels throughout the valley began to
decline in respense to increasing rates of withdrawal and extended drought,
providing an excellent opportunity to check changes in ground-water storage in
relation to withdrawals and replenishment,

Reappraisal of the ground-water resources of the Santa Ynez basin for the
drought years 1945-51 shows that, for a period in which replenishment from
rainfall and seepage loss was far below normal, storage changes were incon-
sistent with withdrawals. Additional replenishment, besides that estimated by
previous investigators, was made possible through a lowering of the water table
and the consequent steepening of gradients out of older deposits adjacent to the
basin.

Accurate estimates of perennial yield must await the collection of additional
basic data because little is known regarding the rechargeable storage capacity
and permeability of all the deposits, the rate of replenishment of the older
deposits, amount of return irrigation water, and deep penetration of rain.
However, most of the elements of recharge, discharge, and storage change were
estimated for the 7-year period 1945-52, and for the Lompoc subarea these data
were extrapolated to estimate the order of magnitude of the quantity of water
that could be pumped perennially.

PURPOSE AND SCOPE OF THE REPORT

This report is the third in a series of interpretive reports on the
ground-water investigations of the Santa Ynez River basin by the
U. S. Geological Survey, in cooperation with Santa Barbara County.
The first investigation, begun in January 1941, included as its main
objectives the estimation of the ground-water yield of the basin, the
possible effects of regulating and diverting streamflow on the basin
and an evaluation of the possibility of salt-water contamination of
the ground-water body. These objectives were accomplished and re-
ported on, insofar as available data would permit, in a comprehensive
report by Upson and Thomasson (1951). Similar reports covering
the Cuyama Valley, the Santa Maria Valley area, and the south-coast
basins also have been released. Additional information concerning
stream runoff is contained in a report by Troxell (1952).
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Coincident with the investigational work of the Geological Survey,
the Board of Supervisors, Santa Barbara County, authorized a con-
tract with the Bureau of Reclamation to prepare a comprehensive
water-resources plan that would utilize and develop all the available
waters of the county. In 1944 this investigation resulted in the recom-
mendation of the Santa Ynez-south-coast water plan as the first step
toward full development of the county’s water resources. The plan in-
cluded a 210,000-acre-foot reservoir that would impound flood waters
of the Santa Ynez River and a transmountain tunnel to deliver the
water to the south-coast communities of Santa Barbara, Goleta, Mon-
tecito, Summerland, and Carpinteria. The dam, known as Cachuma
Dam, was completed, January 7, 1953 ; completion of the tunnel, called
Tecolote Tunnel, was delayed by high-pressure water and excessive
temperatures. It was completed in March 1956.

Residents of the Santa Ynez River basin downstream from the dam
expressed some concern regarding their rights to the waters of the
river, and through their organization, the Santa Ynez River Valley
Water Conservation District, they have entered into a 10-year interim
contract with the Bureau of Reclamation to protect these rights. The
10-year contract would allow sufficient time subsequent to the comple-
tion of the dam to collect the data required for the preparation of a
fair and equitable long-term operating agreement. During the tenure
of the interim contract, the operators of the dam are specifically obli-
gated not to store or divert any part of the flow entering the reservoir
whenever it is deemed that a live stream does not exist. A live stream
exists, as defined by the contract, whenever there is a visible stream of
water flowing in the river channel at San Lucas Bridge, Mission
Bridge, Buellton Bridge, Santa Rosa dam site, and Robinson Bridge,
and there is a surface flow in the river of not less than 1 second-foot
at the H Street Bridge north of Lompoc.

As the result of a series of conferences, which began in January
1949, the Geological Survey and the Bureau of Reclamation delineated
the type of data that would be essential to the preparation of the long-
term operating agreement and explored the areas of deficient informa-
tion. Specific information was needed on the storage capacity of the
valley fill downstream from Cachuma Dam; on the amount and dis-
tribution of runoff below the dam site ; and on the amount, distribution,
and rate of replenishment to ground water in the alluvial deposits from
sources downstream from the dam site. The distribution of runoff
below the dam has been presented by Troxell (1952). The rate of
infiltration from the streams to the river-channel deposits can be
studied best by the release of controlled flows from the dam down a
dry channel, and some information regarding this phase of the study
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has been collected since the completion of the comprehensive report by
Upson and Thomasson (1951)

The purpose of this report is to refine the estimates given in Water-
Supply Paper 1107 by the analysis of geologic and hydrologic data
collected during the drought period 1945-52. The study of the effects
of the drought will be shown that ground-water storage in the reach
of the river from San Lucas Bridge to Robinson Bridge was not de-
pleted seriously, because full recovery was observed as a result of the
above-normal precipitation and recharge that occurred in the winter
of 1951-52 and that ground-water withdrawals on the Lompoc plain
were sustained by sources other than the river, because ground-water
withdrawals produced little change in storage beneath the plain during
a period in which precipitation and streamflow were negligible. The
report also contains a discussion of a test-well drilling program north-
east of the Lompoc plain, the underflow of the Santa Ynez River in
the vicinity of Cachuma Dam, the chemical quality of the ground
waters of the Lompoc plain, and estimates of storage capacity for the
Lompoc plain for the alluvial deposits of the Santa Ynez River be-
tween Cachuma Dam and Robinson Bridge.

This report was prepared by the Geological Survey, in cooperation
with the Santa Barbara County Water Agency and the Bureau of
Reclamation, under the supervision of J. F. Poland, dlstrlct geologist
for California.

David H. Wozab prepared original drafts for the sections on
geology and geographic and hydrologic features, and most of the
ground-water contour maps.

LOCATION OF THE AREA

The valley of the Santa Ynez River is in the southern part of Santa
Barbara County, Calif., just north of the Santa Ynez Mountains
which separate the valley from the county’s southern coast line (fig.
1). Theriver originates in Juncal Canyon just inside Ventura County
and follows the westward trend of the Santa Ynez Mountains for
about 70 miles before emptying into the ocean at Surf.

The area studied in this report includes all the drainage area of the
Santa Ynez River that lies downstream from Cachuma Dam, with
particular emphasis on the Lompoc plain and the area between
Cachuma Dam and Robinson Bridge (pl. 1), which are underlain by
alluvial deposits.

ACKNOWLEDGMENTS

Thanks and appreciation are expressed to the many residents of
the Santa Ynez River basin who permitted access to their lands to
members of the Geological Survey and Bureau of Reclamation for
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the purpose of making measurements in wells, running pumping tests,
and placing supplemental small-diameter wells on the profile lines.

Thanks are extended also to the Pacific Gas and Electric Co., which
generously supplied data on pump-efliciency tests and power con-
sumption that were extremely useful in estimating ground-water
withdrawals for irrigation.

Chemical analyses, in addition to those made by the Geological
Survey, were supplied by the University of California, College of
Agriculture and by the U. S. Department of the Army, Camp Cooke
Military Reservation.

GEOLOGY IN RELATION TO GROUND WATER

Two principal sedimentary units were recognized in the Santa Ynez
River valley: The consolidated essentially non-water-bearing rocks
and the unconsolidated water-bearing deposits. More information
about the deposits is given in a comprehensive report by Upson and
Thomasson (1951).

CONSOLIDATED ROCKS
Consolidated rocks underlie the unconsolidated deposits along the

entire length of the river basin and crop out in the foothill areas.
The rocks, largely of marine origin, consist of undifferentiated sili-
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ceous and diatomaceous shale, siltstone, and mudstone of Tertiary
age. As the material is fine grained and compacted, it is essentially
not water bearing, except for water in local fractures.

UNCONSOLIDATED DEPOSITS

The unconsolidated deposits include the Careaga sand of Pliocene
age and the Paso Robles formation of Pliocene and Pleistocene(?)
age, the Orcutt sand and terrace deposits of Pleistocene age, and the
younger alluvium and river-channel deposits of Recent age. As stated
by Upson (Upson and Thomasson, pls. 2 and 8), all are water bear-
ing; however, only the terrace deposits and younger alluvium are
tapped extensively by wells.

CAREAGA SAND AND PASO ROBLES FORMATION

The Careaga sand and the Paso Robles formation are exposed
principally along the north side of the Santa Ynez River basin, al-
though, in the Lompoc subarea, these deposits also underlie the
younger alluvium of the Lompoc plain and crop out in small ex-
posures on the south side.

The Careaga sand is of marine origin and consists of fine- to me-
dium-grained massive sand, locally containing lenses of pebbles and
fossil shells. The sand is of low permeability and usually is not
tapped by wells. Nevertheless, this sand has a large storage capacity
and is capable of transmitting water to the overlying formations.

The Paso Robles formation is of continental origin and consists
of coalescing alluvial fans of lenticular beds of clay, sand, and gravel ;
generally it is of relatively low permeability. This formation, how-
ever, like the Careaga sand, is capable of storing large volumes of
water and of transmitting it to the overlying formations.

ORCUTT SAND
The Orcutt sand is primarily north and southwest of the Lompoc
plain. The sand is mainly of continental origin, the upper portion
of eolian and beach sand. The formation consists of loosely con-
solidated lenticular zones of clay, sand, and gravel, and generally is
of low permeability. Little runoff occurs from the areas underlain
by the formation, and all the rainfall, apparently, is absorbed and
evaporated or transpired. Although few wells tap this formation,
perched water may be present locally, and a few springs flowing from
it supply water for domestic use.

TERRACE DEPOSITS
Terrace deposits occur principally on the Santa Ynez upland area,
as remnants along the Santa Ynez River basin, and on the foothills
southeast of the Lompoc plain. The deposits consist of river-laid
clay, sand, and gravel, and locally may be of moderate permeability.
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Because these deposits are largely above the zone of saturation, they
generally do not supply water to wells, except in the southern por-
tion of the Lompoc plain where a segment of these deposits lies below
the water table, and in the Santa Ynez upland where they supply
water to irrigation, domestic, and stock wells.

YOUNGER ALLUVIUM AND RIVER-CHANNEL DEPOSITS

The younger alluvium and river-channel deposits underlie the flood
plain and active channel of the Santa Ynez River and are of Recent
age. The younger alluvium occurs principally as a thick deposit
beneath the Lompoc plain, and thins upstream beneath the Santa
Ynez River and its tributaries. At the coast it has a maximum known
thickness of about 200 feet, but at Cachuma Dam it is only 60 feet
thick.

The younger alluvium generally consists of interconnecting lenticu-
lar beds of clay, sand, and gravel and has been subdivided into two
members—a lower member of cobbles, gravel, and sand, and an upper
member extensively composed of clay and silt with some strata of sand.
The coarse-grained lower member underlies nearly all of the Lompoc
plain and has been identified in well logs upstream for several miles.
It is tapped by many wells and constitutes the main water-bearing
zone beneath the Lompoc plain. The upper fine-grained member of
the younger alluvium overlies the lower member nearly everywhere,
but it is thickest and most extensive in the Lompoc subarea. At the
easternmost part of the plain the materials that form the upper mem-
ber are slightly to moderately permeable, and, accordingly, there is
interchange of water between the river and the main water-bearing
zone. Beneath the central and western parts of the Lompoc plain,
however, the upper member of the younger alluvium contains beds
of clay, 10 to 60 feet thick (Upson and Thomasson, 1951, p. 47),
which substantially retard the downward movement of water from the
land surface.

The river-channel deposits east of the Lompoc plain are indis-
tinguishable from the upper member of the younger alluvium and
may be considered as part of it. The deposits are tapped by few wells
and little information concerning them is available.

GEOGRAPHIC AND HYDROLOGIC FEATURES

The topographic and hydrologic details of the Santa Ynez River
basin have been discussed in detail by Upson and Thomasson (1951).
Briefly, the basin is a structural depression, phyiographically altered
by erosion and deposition, into which the Santa Ynez River has
incised itself along the south border close to the north flank of the
Santa Ynez Mountains. For convenience of study, the basin has been
separated into five subareas (fig. 2) based on hydrologic and topo-
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graphic differences. The important features of these subareas are
discussed in the following paragraph.

HEADWATER SUBAREA

The “Headwater subarea” (Upson and Thomasson, 1951, p. 24)
extends from the source of the Santa Ynez River for some 34 miles to
San Lucas Bridge. In this reach of the valley the river-channel
deposits and younger alluvium are relatively thin, together averaging
about 40 feet in thickness. Consolidated Tertiary rocks, which are
essentially not water bearing, underlie the alluvial deposits and form
the bottom and flanks of this portion of the ground-water basin. How-
ever, to the north the Careaga sand and Paso Robles formation
are exposed and serve to catch rainfall and to contribute it as low-flow
discharge to the tributary valleys of the Santa Ynez River. These -
tributaries includes Mono, Santa Cruz, and Cachuma Creeks.

Three surface reservoirs in this area—Jameson Lake, Gibraltar
Reservoir, and the recently completed Cachuma reservoir—supply or
will supply water to the coastal cities.

SANTA YNEZ SUBAREA

The Santa Ynez subarea extends from San Lucas Bridge some 6.5
miles downstream to about Mission Bridge near Solvang, The alluvi-
um in this subarea, as in the Headwater subarea, is relatively thin,
averages approximately 62 feet in thickness, and rests on and is
bounded along the flanks by consolidated Tertiary rock. Tributaries
to the Santa Ynez River in this subarea from the north are Alamo
Pintado, Santa Agueda, and Zanja Cota Creeks, and from the south
are San Lucas, Quiota, and Alisal Creeks.

BUELLTON SUBAREA

The Buellton subarea extends from about the Mission Bridge down-
stream to a point about 5 miles west of Buellton where the river takes
a broad turn to the south. The alluvium in this subarea has a maxi-
mum thickness of about 92 feet and is bounded on the south by
consolidated Tertiary rock and on the north by the water-bearing
deposits of the Paso Robles formation and Careaga sand. Local
sources of recharge to this subarea are the discharges from La Zaca
Creek on the north and Nojoqui Creek on the south, underflow from
the underlying Paso Robles formation and Careaga sand on the north,
and direct penetration of rainfall.

SANTA RITA SUBAREA

The Santa Rita subarea extends downstream from the river bend

5 miles west of Buellton to The Narrows. The alluvium in the reach
between San Lucas Bridge and The Narrows has a maximum thickness
of 185 feet and is underlain by consolidated Tertiary rocks. Sources
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of inflow to this subarea, in addition to direct penetration of precipita-
tion, are the discharges from Santa Rita and Santa Rosa Creeks on
the north (however, they contribute very little) and Salsipuedes
Creek on the south. Salsipuedes Creek has a perennial low flow and,
during storms and wet periods, contributes a relatively large quantity
of water to the downstream end of the subarea.

LOMPOC SUBAREA

The Lompoc subarea is a structural basin that forms the western
and lower end of the Santa Ynez River basin. It is approximately
12 miles long, extending from the coast to the Santa Rita Hills, and
averages about 10 miles wide.

In the Lompoc subarea is the Lompoc plain, which is bordered on
the north by the Burton Mesa, on the northeast by the Purisima Hills,
on the east by the Santa Rita Hills, and on the south by the steep
foothills of the Santa Ynez Mountains which, to the west, give way
to the broad Lompoc terrace. The plain is about 12 miles long and
nearly 3 miles in maximum width. It is an alluvial plain underlain
by the younger aliuvium of Recent age, which ranges in maximum
thickness from about 185 feet at The Narrows to 200 feet at the coast.
Underlying the younger alluvium are the terrace deposits, Orcutt
sand, Paso Robles formation, and Careaga sand, which are water-
bearing formations and which, together with the lower member of
the younger alluvium, contain the deep water body (Upson, 1943,
written communication; Upson and Thomasson, 1951, p. 147). Bed-
rock in the area consists of consolidated undifferentiated Tertiary
rocks (non-water-bearing) that underlie the unconsolidated deposits.

The Santa Ynez River enters the subarea at The Narrows in the
southeast corner, crosses the plain to the north side, and flows west
along the north side of the plain to the ocean. Chief tributaries to
the Santa Ynez River that drain the south flank of the Purisima Hills
are the intermittent streams located in Cebada, Purisima, and Santa
Lucia Canyons. To the south of the basin the chief tributaries occur
in San Miguelito, San Pascual, Rodeo, and Lompoc Canyons. The
streams in these canyons, except for those in Lompoc Canyon, flow
perennially to or nearly to the south edge of the Lompoc plain.

PRECIPITATION

The Santa Ynez River basin is bounded by a system of mountains
that tend to complicate the distribution of precipitation. Generally,
the mean annual precipitation ranges from 14 inches near the coast
to about 40 inches along the eastern divide. Upson and Thomasson
(1951, p. 9) suggest that about two-thirds of the precipitation in the
valley as a whole occurs in the headwater subarea.
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Because the water supply of the valley is largely dependent on
precipitation, the magnitude and time distribution of the precipita-
tion are important to the water user. Figure 8 shows the precipita-
tion record for Santa Barbara for the period 1868-1952. Although
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FIGURE 3.—Precipitation at Santa Barbara, showing cumulative departure from the
average, 1868-1952.,

precipitation recorded at Santa Barbara has no quantative relation -
to precipitation in the Santa Ynez River basin, it does serve to illus-
trate the variability of precipitation. At this station, for instance,
the 85-year average precipitation is 18.03 inches. If this amount of
rainfal] occurred each year, a dependable water supply would be little
or no problem. Unfortunately, precipitation (fig. 8) has tended
toward a grouping of wet years followed by dry years. Precipitation
has ranged from a low of 4.49 inches in the season ending September
1877 to a high of 45.25 inches in the season ending September 1941.

Data recorded at various rainfall stations within the drainage area
of the Santa Ynez River show the same variable character of pre-
cipitation as the Santa Barbara record (Upson and Thomasson, 1951,
p. 10-23). The following table lists precipitation for the season end-
ing September 30 at Santa Barbara, Lompoc, Buellton, Solvang, and
Gibraltar Dam,
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Precipitation, in inches, 1945-562 al stations in and adjacent to the Sania Ynez
River valley

Season ending Sept. 30 Santa Lompoc | Buellton | Solvang | Gibraltar
Barbara Dam
104445 15.29 11,40 13.99 18.40 21.01
1945-46 11.33 12.40 13.34 12.58 24.68
194647 13.41 7.93 10,47 11.40 17.25
194748 9.20 7.82 7.34 6.96 12,39
194849 __ - 10.95 13. 54 12.40 12.59 15.29
1949-50 14. 40 10.22 12,41 12. 56 16.84
1950-51.. 10.06 7.92 10. 66 9.75 1107
1951-52 31.25 21.07 24.94 19.12 50.17
Average for dry perfod 1945-51._____.._____ 12.09 10.18 11.52 12.03 16.93
Long-term average, period of record....._. 18.03 14,58 16.08 15.81 24.901
Years of record- 85 42 15 25 33

The table shows that between 1945 and 1951 precipitation through-
out Santa Barbara County was consistently below normal but that
in 1952 precipitation was considerably above normal. Because the
report by Upson and Thomasson (1951) was based primarily on data
collected during the wet period 1935-44, an evaluation of the hydro-
logic data for the dry period 1945-51 shows a significant change in
the hydrologic regimen of the basin. The effects on ground-water
levels of this prolonged drought and its sudden interruption in the
wet year 1951-52 are the main subject of this report.

SURFACE-WATER FEATURES
RUNOFF

Precipitation falling on the earth’s surface is absorbed by the earth
(infiltration), remains on the earth’s surface and runs off overland
(direct runoff), is evaporated from vegetation (transpiration), or is
evaporated directly. Quantitatively the precipitation increment ap-
portioned to these items varies with many factors, such as tempera-
ture, intensity of rainfall, time distribution, moisture content of the
soil, slope, type of soil, and type of vegetative cover. In the Santa
Ynez River basin storms are few, and, at times, the intensity of rain-
fall is so great that large quantities of surface runoff occur, varying
greatly from subarea to subarea, in accordance with these factors.

Measurements of runoff are made at several gaging stations along
the Santa Ynez River, enumerated and described in the progress
report by Troxell in 1952 in the files of the U. S. Geological Survey’s
Ground Water Office at Santa Barbara, Calif. They provide infor-
mation on the average annual quantities of surface water available
for use, and are useful in determining the gain and loss to the ground-
water reservoir by effluent or influent seepage.

The major runoff from the subareas occurs during periods of ex-
cessive precipitation, about 50 percent of the runoff originating in

465541—59——2
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about 1 to 4 percent of the time (Troxell, 1952, p. 8). Because inflow
of river water to the ground-water reservoirs is controlled by the
permeability and the cross-sectional area of the deposits and by the
hydraulic gradient, this extreme concentration of the runoff exceeds
the absorptive capacity of the deposits and results in enormous waste,
as is evidenced by the large quantities of river flow known to pass
the gaging station at Surf. Maximum utilization of the available
supply requires surface reservoirs large enough in capacity to detain
sizable flood flows for slow release to recharge the downstream ground-
water basins.

The progress report by Troxell in 1952 describes the magnitude and
distribution of the surface-water outflow from the four subareas of
the Santa Ynez River basin above Robinson Bridge for the period
1928-49. Table 1 shows the magnitude of the below-normal runoff
during the dry period 1945-51. ‘

TaBLE l.—Annual runoff, in acre-feet, for Santa Ynez River at selected measuring
sites, 1946-62

[Data from Surface Water Branch, U. 8. Geological Survey]

San Lucas Mission Santa Ynez | Robinson H Street Santa Ynez
Water year Bridge, Santa|Bridge, Santa| River near |Bridge, Santa|Bridge, Santal River, Bar-
ending Sept. 30 | Ynez River | Ynez River Bueliton Ynez River | Ynez River rier near
nea{( Santa | at Solvang | (estimated) |near Lompoc| at H Street
nez
39,450 44, 000 43, 000 50, 700 m Q]
34,120 38,000 36, 000 38, 970 (O] )
10, 670 14,920 12,000 13,940 21.6 319
2,4 500 50 0 175
2, 1, 800 2,040 1,4%0 1,720
1, 550 3,220 1, 900 1,460 643 500
0 1,490 400 0 0 190
199, 300 239, 100 245, 000 261, 900 256, 700 205, 200
Long-term
BVErage__.___... 73,900 37,500 43,000 96, 400 51, 700 59, 500
Years of record ... 22 14 8 27 5 5
1 No record.

2 April through September only.
3 May through September only.

MEASUREMENTS OF RUNOFF

SAN LUCAS BRIDGE
At San Lucas Bridge, at the lower end of the headwater subarea,
the measured runoff has varied widely. In the dry period 1945-51
the magnitude of runoff ranged from zero in 1948 and 1951 to 39,450
acre-feet in 1945. The average annual runoff for the period 1945-51
was 1,235 acre-feet. Runoff for the wet year 1952 was 199,300 acre-
feet, and the average annual runoff for the period of record 1928-52

was 73,900 acre-feet.

MISSION BRIDGE
At Mission Bridge, lower boundary of the Santa Ynez subarea,
measurement of runoff for the dry period 1947-51 shows a range
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from 1,490 acre-feet in 1951 to 14,920 acre-feet in 1947. Average
annual runoff for the periods 1928-36 and 1946-52 was 37,500 acre-
feet. These figures include the combined runoff for the Headwater
and Santa Ynez subareas.

NEAR BUELLTON

The gaging station near Buellton, at the lower boundary of the
Buellton subarea, measures the outflow from the subarea in the low-
flow period. The station was established in June 1948 by the Geo-
logical Survey in cooperation with the Bureau of Reclamation and
has been in continuous operation since that date. Prior to June
1948 a few miscellaneous measurements were made commencing in
1946,

Because this station has been in operation only a short time, and
mostly during periods of low flow, discharges prior to 1946 and for
times other than low flow were estimated. Discharge estimates, made
by Harold C. Troxell of the Geological Survey, were based on an
attempt at balancing the surface inflow and outflow of the Buellton
subarea. As pointed out by Troxell in 1952 (also written communi-
cation, Feb. 14, 1955), the primary weakness in this method is the
lack of consideration for subsurface inflow and changes in ground-
water storage.

Outflow from the Buellton subarea (observed discharge “near Buell-
ton”) is plotted versus computed inflow to the subarea (observed
flow “at Solvang” plus estimated runoff from tributary streams).
From this graph (fig. 4) any computed inflow to the Buellton sub-
area will yield an estimate for outflow or discharge past the “near
Buellton” station. Estimates of the discharge “at Solvang” were
made wherever data on flow were lacking. To obtain the 194445
and 1945-46 outflow from the Buellton subarea, for example, it was
necessary first to compute the primary surface inflow “at Solvang” by
a comparison of duration curves of daily discharge for the stations
“near Santa Ynez” and “near Lompoc” (fig. 5). In this procedure
the percentage of time of the monthly discharge at these two stations
is assumed to be identical with that “at Solvang.” In October of
the 194445 water year the average flow “near Santa Ynez” was 1.01
cfs and at the station “near Lompoc” it was 1.78 c¢fs. From figure
5 the percent of time that the flow is equal to or greater than these
flows is 51.5 percent and 55.5 percent respectively or an average of
53.5 percent. The flow past the station “at Solvang,” therefore, is 6.8
cfs which flow is equalled or exceeded 53.5 percent of the time.

In order to obtain total inflow to the Buellton subarea, values of
primary surface inflow (discharge “at Solvang”) obtained from figure
5 are added to the estimated inflow from tributary streams. For the
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purpose of estimating tributary inflow the observed runoff from La
Zaca Creek has been assumed to be an index of the inflow from the
north side, whereas Nojoqui Creek has been assumed to be repre-
sentative of runoff from the south side.
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F1aerE 4.—Observed outflow from Buellton subarea, in acre-feet.

The range in estimated runoff at the station “near Buellton” for
the period 1945-51 was from about 400 acre-feet in 1951 to about 43,000
acre-feet in 1945. Average annual runoff for the same period was
about 14,000 acre-feet.

ROBINSON BRIDGE

At Robinson Bridge, just below the lower boundary of the Santa
Rita subarea, the runoff for the period 1945-51 ranged from zero in
1951 to 50,700 acre-feet in 1945. The average annual runoff for the
period 1945-51 was 15,300 acre-feet; but for the most critical period,
1947-51, it was only 3,500 acre-feet. Average annual runoff for the
period 1925-52 was 96,400 acre-feet. The Robinson Bridge station
measures the combined outflow of all the subareas above the bridge—
a drainage area of 790 square miles,

In the Lompoc subarea runoff results from preclpltatlon and from
effluent seepage from the Santa Ynez River. In the river reach be-
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tween Robinson and H Street Bridges the river contributes to ground-
water storage, thus decreasing runoff ; however, downstream from H
Street Bridge the water table at times is higher than the river channel.
Thus, the river receives water from storage and an increase in runoff
results.

SURF

The gaging station at The Barrier at Surf measures the combined
runoff of the Lompoc, Santa Rita, Buellton, Santa Ynez, and Head-
water subareas—a drainage area of 900 square miles. The magnitude
of the runoft at Surf for the period 1947-51 varied from 19 acre-feet
in 1947 to 1,720 acre-feet in 1949. Mean annual runoff was 520 acre-
feet for the period 1947-51. Average annual runoff for the period
1947-52 is 59,500 acre-feet.

Between H Street Bridge and The Barrier bridge at Surf sewage
effluent from the city of Lompoc and Camp Cooke Military Reserva-
tion is discharged to the Santa Ynez River. In the period 1945-51 the
combined total effluent from these two sources averaged about 1,000
acre-feet annually, much of which was lost by evaporation from the
stream course, and some of which percolated to ground water.

GROUND-WATER APPRAISAL
CACHUMA DAM TO ROBINSON BRIDGE

GENERAL HYDROLOGY

The Santa Ynez River in the reach between Cachuma Dam and
Robinson Bridge flows on a body of alluvial deposits that ranges in
width from a few hundred feet to more than a mile and in maximum
thickness from about 40 to about 185 feet. These deposits, which are
in hydraulic contact with the river, form a ground-water storage
reservoir from which water can be pumped to irrigate the agricultural
lands adjacent to the river. Because the deposits are not extensive,
pumping during the growing season generally lowers the water table
throughout the valley, but a winter season of average precipitation
and streamflow usually replenishes the reservoir to or nearly to capac-
ity.

Figures 6 and 7 show water-level fluctuations observed in representa-
tive wells in the river reach between San Lucas Bridge and Robinson
Bridge for the record commencing about 1931. They show also the
discharge of the Santa Ynez River at San Lucas Bridge and Mission
Bridge. In general, the hydrographs show the seasonal variation in
water levels due to withdrawals for irrigation during the summer and
fall and subsequent winter recoveries. For the period 193541, a wet
period (fig. 3), water levels rose, reaching the highest level on record
in 1941 as a result of record-high precipitation and streamflow. Be-
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tween 1941 and 1945 water levels declined slightly or remained near-
ly the same; but, commencing about 1945, water levels declined con-
siderably through the dry years 1945-51. However, the ground water
in storage in 1945 was sufficient to supply the demand through these
dry years. The above-average precipitation and runoff in 1952 was
sufficient to recharge the ground-water reservoir fully.

In addition to seepage loss from streamflow and underflow through
the alluvium, other sources of recharge are direct penetration of pre-
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cipitation on the valley floor and underground transfer of water to
the alluvium, principally from the Paso Robles formation and Care-
aga sand, which underlie an extensive area north of the river in the
vicinity of Buellton.

The quantity of recharge to the ground-water reservoir of the Santa
Ynez River basin is dependent on three factors: the permeability
of the deposits which governs the infiltration rate; the availability
of a supply, as it has been under natural conditions, and as it will be
with Cachuma Dam in operation; the availability of ground-water
reservoir space.

The permeability of the deposits remains essentially constant from
year to year, except for the decrease in percolation rates that results
from the deposition of silt in the stream channel. Flood flows or scari-
fying the channel would restore the bed about to its maximum infiltra-
tion rate. The other factors will change in response to climatic and
human influences. At the end of 1940, for example, the ground-water
reservoir for all practical purposes was full and most of the runoff in
1941 consequently passed over the reservoir and wasted to the ocean.
Some of the water that entered the ground-water reservoir did so in
the form of temporary bank storage at an elevation higher than that of
the river bed. As the flood stage receded, this water drained back to
the stream and sustained its low flow.

Because the operation of Cachuma Dam will alter the natural stream
regimen of the Santa Ynez River, the determination of a fair and
equitable long-term operating agreement for the dam is necessary.
There are four principal considerations as follows:

The extent to which downstream tributaries can recharge the
ground-water basins to supply pumpage and natural discharge.

The usable ground-water storage capacity of the alluvial deposits
from San Lucas Bridge to Robinson Bridge, which is the principal
area of withdrawals dependent on river recharge upstream from the
Lompoc plain.

The extent to which the deposits should be dewatered before any
release of water from the reservoir.

The magnitude and duration of the release from the reservoir
required to replenish fully or to sustain the levels in the ground-
water basins at practical operating levels.

During years of above-average precipitation and, hence, recharge,
the principal tributaries downstream may be able to replenish the
ground-water basins without any release from Cachuma Dam. How-
ever, during dry years or protracted dry periods, it may be neces-
sary to release water from the reservoir to sustain levels in the down-
stream basins at practical operating levels. '
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The total ground-water storage capacity of the deposits follows,
and the storage space available at any particular time is determined
from the periodic measurements of the water levels in a network of
observation wells. The magnitude and duration of the release re-
quired to replenish the ground-water reservoir can be determined by
comparing a succession of regulated releases with resulting storage
changes during the life of the interim contract for the operation of
the dam.

STORAGE CAPACITY
METHEOD OF COMPUTATION

The storage capacity of the alluvial deposits within the reach from
The Narrows to Cachuma Dam is based on two elements: the volume
of saturated alluvium between these points and the specific yield of
that alluvium. The first element must be based upon a thorough
knowledge of the physical dimensions of the alluvium. In addition,
the position of the water table must be known in order to locate the
upper limit of the zone of saturation. The lower limit is defined,
for purposes of this study, by the consolidated rocks at the base of
the alluvial deposits. Water stored in the Paso Robles and Careaga
formations may be significant in considering the storage capacity
of all deposits adjacent to the river. However, the water table in
these deposits would have to be drawn down considerably below
present levels before any replenishment could take place from the
river. Thus, for the present, the storage capacity of these deposits
is not estimated. The alluvial deposits in tributary stream valleys
were omitted from the study because they are small, their bases are
above the low-water channel of the Santa Ynez River only a short
distance upstream, and ground water in them is supplied largely by
the local streams. The alluvium in the broad inlet in secs. 10, 11,
14, and 15, T. 6 N., R. 33 W. (pl. 2) in the Santa Rita subarea
underlies about 214 acres and has 20 to 30 feet of material below the
level of the low-water channel. This body was not included in the
total storage volume, as the degree of hydraulic connection between
it and the river is apparently poor. In secs. 20 and 21, T. 6 N., R.
31 W. and secs. 20 and 21, T. 6 N., R. 30 W. (pl. 2) alluvium south
of the flood channel was omitted, as it is thought to be very thin, at
best only a thin veneer on bedrock, deposited as slope wash off the
adjacent hills. Most of the alluvium in secs. 15, 22, and 23, T. 6 N.,
R. 31 W, is evidently thin and deposited by Alamo Pintado Creek
and as wash from adjacent hills, and most of it is probably above
the low-water river level. This area too was excluded from the stor-
age estimates.
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A fter computing the total volume of saturated alluvium, it is neces-
sary to apply a figure for specific yield (for definition, see p. 23)
in order to obtain the total volume of water that will drain from
pore spaces by gravity. The volume of saturated material times the
specific yield for the material, expressed as a percentage, gives the
volume of drainable water.

VOLUME OF SATURATED MATERIAL

Volume should be computed by using data from accurate contours
drawn at the base of the alluvium. The data available, however, do
not permit close delineation of this contact. Accordingly, the volume
is estimated approximately. Plate 2 shows the areal extent of the
younger alluvium and river-channel deposits, the location of wells
having logs, and the location of bridge- and dam-site borings and
resistivity probes for the Santa Rita subarea and for the Buellton
and Santa Ynez subareas. For each location figures that give the
altitude of the ground surface and the altitude of the base of the
alluvium as known or interpreted at the location are given. These
maps show that the data are very scanty. Wells for which a log is
available are comparatively few. Resistivity probes were made only
in about the western half of the Santa Rita subarea (pl. 2). Also,
at a few places the resistivity probes were not entirely satisfactory,
and there may be some doubt as to their interpretation.

At some places the data are sufficiently reliable and the points suf-
ficiently closely spaced that reasonable cross sections can be drawn.
The best are from borings for foundation studies at the Buellton
Bridge (cross section H—H’, pl. 3) and borings at the Santa Rosa,
Cachuma, and Tequepis Dam sites (cross sections F—F’, I—I’, and
J—J’, pl. 8). From these cross sections a fairly reliable indication of
the position of the lowest point on the base of the alluvium can be
obtained. Using these fairly well established points as fixed and
assuming an even grade for the older Santa Ynez River when it was
flowing in the bottom of the eroded trench now filled with alluvium,
the profile on figure 8 has been prepared, showing the deepest part of
this trench at the base of the alluvium, From this profile it is possible
to estimate approximately the lowest point on the base of the alluvium
at any other cross section, although the horizontal position of the point
in the plane of each section is not known. This lowest point is shown
on each of the cross sections on plate 3 and aided greatly in deter-
mining the shape of the cross section where data are few.

The volume of alluvium was computed from surface area, a typical
cross-sectional shape, and a maximum thickness as approximated ac-



22 GROUND WATER APPRAISAL, SANTA YNEZ RIVER BASIN, CALIF.

"911s Wn(J BWINYOR) pus
93plIg WOSUIqoy UIDMIIQ Ulsrq IIATY Zzoux vlueg oyl Sdole WOIAN[E 33 JO 9sBq wo sjurod 3samor a)vmpxordde pusw d[goad I9)BM-MOT—'§ HUADL]

Y3NY ONOTY QIUNSVIN ‘HLNOW JA0EY SITIN

14 oy GE o€ 4 0z st
T T T T L T T T T T T T T Al T T T T T 1 T T T T T T T T T T T T T T T T T
__——001-
M_.m.on 1semo] Ajajew _ \om\
-xoidde je wniAnj|e Jo sseg -
N\ \oﬂ\m% .
\o\nw\ op o8
(] OQBO (] w
: % T door P
-3 p\opobn\.b\ i g
o5 @ a4 =
- 3 (uopeweposy jo neaing soye)  F 8 <}
- 1$61 19qWs8(Q-18qIBAON “JOAY 3 =z
\m\\ ° 28U, BjueS JO ojjoid jojem-Mo] § B —ooz 3
— iz
julod Jsemo| Ajajewu) 4 B g
-xosdde je WwniAnjje Jo aseg S 3 m
& a}Is wep 10 N
o ¢ - = uoRepunoy wmu:n 104 Bupiog doog &
g : z Q
g H @ I3 m
3 g g 3 20| sto1uQ z
® 5 " e |
m. 2 . W W_ 5 aqoud Apnsissy oor N
@ ® _~¢ & = o) &
& - 8 g z
§\ g ® :wo1y pereadieiu Jo m
J _m PoUILLIBYEP SE LUNJAN[[E JO 8seg ~005 m
[
M NOILYNY1dX3
H . Jooe
(]



GROUND-WATER APPRAISAL 23

cording to the foregoing discussion. Because the typical cross sections
are different in the different subareas, the method of computation
differs accordingly. For convenience the volumes were computed for
numerous adjacent small areas and these were totaled. The small
_areas are those areas of alluvium contained in each surveyed or pro-
jected land section or series of land sections traversing the width of
the alluvium as shown on the maps, plate 2.

For the Santa Rita subarea, the cross sections (pl. 3) most nearly
resemble a triangle in shape. Accordingly, a triangle is assumed to
be the basic geometric shape for the typical cross section within this
subarea. This assumption is considered a reasonable one because at
all meander bends the cross-sectional shape is likely to approach a
triangle and because some of the sections, such as (—C’ and D—D’
reveal the presence of buried ridges or benches whose true shape and
extent are not known. It is believed that the straight-sided mathe-
matical triangle makes adequate and conservative allowance for such
irregularities.

For the Buellton subarea the cross sections (pl. 2) indicate that the
alluvial tongue is more nearly rectangular in shape, and for purposes
of computation at trapezoidal cross section was assumed.

For the Santa Ynez subarea, data are fewer than in the other two,
and the alluvium is surrounded by consolidated rocks. Therefore, a
triangular cross section was assumed for this subarea because it is
thought to be conservative. A triangular cross section was assumed
also for that part of the alluvium that lies in the Headwater subarea
between Cachuma Dam and San Lucas Bridge.

The total volume of alluvium in these subareas below the top of the
zone of saturation was computed for each land section or series of
land sections traversing the width of the alluvium, from the planim-
etered area of the surface of the alluvium, the maximum thicknesses
as obtained from the longitudinal profile (fig. 8), and the triangular
or trapezoidal cross section assumed as applicable. Adjustment is
made for the fact that the top of the zone of saturation has a some-
what smaller area than the surface of the alluvium. Total volume
was computed, and also the volume of successively deeper layers, each

20 feet thick, down to a depth of 60 feet. The volumes are given in
table 2,

SPECIFIC YIELD

The specific yield of a rock or soil is the ratio of the volume of
water which, after being saturated, it will yield by gravity, to its own
volume (Meinzer, 1923a). The ratio is stated as a percentage and
may be expressed by the formula ¥=100(y)/V, in which ¥ is the
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specific yield, y is the volume of water that the rock or soil will yield
by gravity, and V is the volume of the rock or soil. Determinations
of specific yield can be made in many ways. For example, a total of
seven different methods are listed by Meinzer (1923b). The methods
most commonly used are laboratory saturation and drainage of col-
umns of material, such as some of those listed by Meinzer, and pump-
ing tests on wells. Laboratory methods are subject to the usual errors
inherent in any method involving sampling. Also, for the prelimi-
nary estimate it was not believed justified to sample the alluvial de-
posits in great detail.

Pumping-test methods are of doubtful value in obtaining specific-
yield values for the alluvial deposits of the Santa Ynez River basin
because field conditions are far different from the ideal conditions
which must be assumed in the derivation of the equations expressing
pumping-test theory. For example, the basic theory assumes an aqui-
fer of infinite extent, whereas most of the wells that can be pumped
for specific-yield tests in the Santa Ynez River basin tap aquifers
that terminate against the bedrock canyon walls within half a mile or
less. Nevertheless, it is believed that, despite the complications, esti-
mates of specific yield by this method may be the best approximations
obtainable. Two pumping tests were attempted in 1950, but unfore-
seen conditions of pump operation in the tested and nearby wells pre-
vented a satisfactory interpretation of results.

For the preliminary estimates of this report, specific yield was ap-
proximated by estimating the proportion of different classes of ma-
terial as reported in the available well logs and assigning arbitrary
specific-yield values to each class. The results of the resistivity probes
were not used in proportioning these classes. An approximation of
specific yield in the Santa Rita subarea, based on the type of material
according to the probes, was attempted but was not used because it
gave a specific-yield value for the alluvium about 15 percent less than
that determined from classes of material indicated by well logs. The
classification of materials according to the resistivity probes is too gen-
eralized to give dependable results in an analysis of this sort.

The arbitrary specific-yield values selected for different classes of
material as reported in the well logs were determined by comparison
with other areas similar to the Santa Ynez River basin in which spe-
cific-yield values had been obtained from field and laboratory tests.
The method is based in part on mechanical analysis of the material
and was used rather successfully by Eckis (1934) in the south coastal
basin of southern California. Eckis estimated specific-yield values
for various types of subsurface material by comparing the results of
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cording to the foregoing discussion. Because the typical cross sections
are different in the different subareas, the method of computation
differs accordingly. For convenience the volumes were computed for
numerous adjacent small areas and these were totaled. The small
_areas are those areas of alluvium contained in each surveyed or pro-
jected land section or series of land sections traversing the width of
the alluvium as shown on the maps, plate 2.

For the Santa Rita subarea, the cross sections (pl. 3) most nearly
resemble a triangle in shape. Accordingly, a triangle is assumed to
be the basic geometric shape for the typical cross section within this
subarea. This assumption is considered a reasonable one because at
all meander bends the cross-sectional shape is likely to approach a
triangle and because some of the sections, such as (—C’ and D—D’
reveal the presence of buried ridges or benches whose true shape and
extent are not known. It is believed that the straight-sided mathe-
matical triangle makes adequate and conservative allowance for such
irregularities.

For the Buellton subarea the cross sections (pl. 2) indicate that the
alluvial tongue is more nearly rectangular in shape, and for purposes
of computation at trapezoidal cross section was assumed.

For the Santa Ynez subarea, data are fewer than in the other two,
and the alluvium is surrounded by consolidated rocks. Therefore, a
triangular cross section was assumed for this subarea because it is
thought to be conservative. A triangular cross section was assumed
also for that part of the alluvium that lies in the Headwater subarea
between Cachuma Dam and San Lucas Bridge.

The total volume of alluvium in these subareas below the top of the
zone of saturation was computed for each land section or series of
land sections traversing the width of the alluvium, from the planim-
etered area of the surface of the alluvium, the maximum thicknesses
as obtained from the longitudinal profile (fig. 8), and the triangular
or trapezoidal cross section assumed as applicable. Adjustment is
made for the fact that the top of the zone of saturation has a some-
what smaller area than the surface of the alluvium. Total volume
was computed, and also the volume of successively deeper layers, each

20 feet thick, down to a depth of 60 feet. The volumes are given in
table 2,

SPECIFIC YIELD

The specific yield of a rock or soil is the ratio of the volume of
water which, after being saturated, it will yield by gravity, to its own
volume (Meinzer, 1923a). The ratio is stated as a percentage and
may be expressed by the formula ¥=100(y)/V, in which ¥ is the
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specific yield, y is the volume of water that the rock or soil will yield
by gravity, and V is the volume of the rock or soil. Determinations
of specific yield can be made in many ways. For example, a total of
seven different methods are listed by Meinzer (1923b). The methods
most commonly used are laboratory saturation and drainage of col-
umns of material, such as some of those listed by Meinzer, and pump-
ing tests on wells. Laboratory methods are subject to the usual errors
inherent in any method involving sampling. Also, for the prelimi-
nary estimate it was not believed justified to sample the alluvial de-
posits in great detail.

Pumping-test methods are of doubtful value in obtaining specific-
yield values for the alluvial deposits of the Santa Ynez River basin
because field conditions are far different from the ideal conditions
which must be assumed in the derivation of the equations expressing
pumping-test theory. For example, the basic theory assumes an aqui-
fer of infinite extent, whereas most of the wells that can be pumped
for specific-yield tests in the Santa Ynez River basin tap aquifers
that terminate against the bedrock canyon walls within half a mile or
less. Nevertheless, it is believed that, despite the complications, esti-
mates of specific yield by this method may be the best approximations
obtainable. Two pumping tests were attempted in 1950, but unfore-
seen conditions of pump operation in the tested and nearby wells pre-
vented a satisfactory interpretation of results. \

For the preliminary estimates of this report, specific yield was ap-
proximated by estimating the proportion of different classes of ma-
terial as reported in the available well logs and assigning arbitrary
specific-yield values to each class. The results of the resistivity probes
were not used in proportioning these classes. An approximation of
specific yield in the Santa Rita subarea, based on the type of material
according to the probes, was attempted but was not used because it
gave a specific-yield value for the alluvium about 15 percent less than
that determined from classes of material indicated by well logs. The
classification of materials according to the resistivity probes is too gen-
eralized to give dependable results in an analysis of this sort.

The arbitrary specific-yield values selected for different classes of
material as reported in the well logs were determined by comparison
with other areas similar to the Santa Ynez River basin in which spe-
cific-yield values had been obtained from field and laboratory tests.
The method is based in part on mechanical analysis of the material
and was used rather successfully by Eckis (1934) in the south coastal
basin of southern California. Eckis estimated specific-yield values
for various types of subsurface material by comparing the results of
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analysis of surface samples with samples of similar materials removed
from wells. The classification of grade size with the specific-yield
values as determined by Eckis (1934, p. 109) is shown below.

Specific yield, in percent

Gravel Sand Clay
Alluvium
Coarse (64-| Medium | Fine (8-16 | Coarse to | Fine (36~ | Sandy
256 mm) | (16-64mm) mm) medium 14 mm) clay Clay
(-8 mm)
Surface. . e 14.2 20.5 26. 5 30.9 212 10 1
Subsurface.___......_. 14 20 25 28 16 5 1

In the Mokelumne area, California, estimates of specific yield by
both the volumetric method and the drainage method were made by
Piper (1939, p. 120-121). The results of these tests are tabulated
below.

Specific yield, in percent

Method of analysis Gravel and | Mediumand | Very fine

coarse sand fine sand sand, silt,

(larger than | (0.5 to 0.125 and clay
0.5 mm) mm) {smaller than

0.125 mm)
Voluametric. . oo e 34.5 22.6 5.0
Drainage . oo 35 26 3.5

The materials in the Santa Ynez River basin are roughly comparable
to those in the south coastal basin. Accordingly, a specific-yield value
of 25 percent was assigned to gravel, 30 percent to sand, 20 percent to
fine sand, 10 percent to cemented or clayey gravel, and 5 percent to
silt and clay. The deposits found in the south coastal basin are mostly
in alluvial fans, whereas the deposits of the Santa Ynez are river-
channel and flood-plain deposits in which the gravel is better sorted
and contains less fine material. Possibly, therefore, the gravel has a
slightly higher specific yield than 25 percent. Conversely, coarse
gravel, such as in the alluvium of the Santa Ynez River, contains an
assortment of large pebbles, cobbles, and boulders that have no specific
yield and fill considerable space, tending to lower the specific yield of
the material as a whole. For this reason the lower value, close to that
used by Eckis, was considered more appropriate for this area than
Piper’s value of 35 percent for gravel and coarse sand.

To determine the general composition of the alluvium, the river
course was considered by subareas. It was assumed that a composite
log made up of all the logs in one subarea represents the average com-
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position of the alluvium in that subarea. The materials reported in
the logs were grouped into five classes : gravel, sand, fine sand, cemented
gravel, and clay. The total thickness of each class was summed up for
each 20-foot layer of saturated material, and reduced to a percentage
of the total thickness of all classes in the particular 20-foot layer. For
example, the logs of 48 wells and 6 borings (see following table) in
the Buellton subarea showed that in the uppermost 20-foot layer, below
the river channel, gravel amounted to 34.8 percent of the total thick-
ness, sand 14.4 percent, fine sand 9.1 percent, cemented gravel 4 percent,
and clay 37.7 percent. Specific-yield value for each 20-foot layer in
the subarea, and also for the whole volume of material, was derived by
combining the specific-yield values for each class of material in pro-
portion to the relative amounts of the material in the particular layer
or in the whole volume. The weighted specific-yield values for the
upper three 20-foot layers in the Santa Rita and Buellton subareas are
also given in the table. For the Santa Ynez subarea only two 20-foot
layers are tabulated because the alluvium in that subarea is thinner.

Estimates of specific yield for several layers of alluvium in the Buellton, Santa Rita,
and Santa Ynez subareas

Estimates of specific yield (percent) for Iayers of indicated
depth (in feet)
Assigned
Material logged specific 0-20 240 40-60
yield -
Total | Specific | Total Specific | Total | Specifie
logged yield logged yield logged yield
material material material
Specific yield for Buellton subarea, based on logs of 48 wehs and 6 borings
[€7:3.5) U 25 34.8 8.7 40.6 10.2 28.1 7.0
Sand_._.__ .. .. 30 14.4 4.3 1.5 3.5 19.9 6.0
Fine sand_....... - 20 9.1 1.8 12.3 2.5 7.4 L5
Cemented gravel eoooeee ... 10 4.0 .4 3.7 .4 L6 .2
Clay 5 3.7 L9 3.9 1.6 43.0 21
Total. - 100.0 17.1 100.0 18.2 100.0 16.8
Specific yield for Santa Rita subarea, based on 24 well logs
25 45.1 1.3 56.3 4.1 33.5 8.4
30 16.3 4.6 6.4 1.9 23.1 6.9
20 9.2 18 .5 .1 0 0
Cemented gravel.. cooaeoaa. 10 11.9 1.2 7.5 .7 18.2 1.8
Clay.. 5 18.5 .9 20.3 L5 25.2 L3
Total. 100.0 19.8 100.0 18.3 100.0 18.4
Specific yield for Santa Ynez subarea, based on 4 well logs
(€7 7:-") VI 25 68.8 17.2 86.0 2L5
Sand.. oo 30 12.5 3.8 0 0
Fine sand 20 18.7 3.7 0 0
ted gravel 10 1] 1] 0 [V SR A———
Clay. 5 0 0 14.0 .7
Total..._. 100.0 4.7 100.0 22.2
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A determination of specific yield by the Eckis method in the reach
of the river from Cachuma Dam to San Lucas Bridge was not pos-
sible because only a few logs were available. Specific yield for this
reach of the river was assumed to be the same as that in the adjacent
Santa Ynez subarea where the character of the deposits is similar to
that in the Headwater subarea.

The total specific-yield values listed in tables on page 26 are based
essentially on wells that tap the alluvium because few wells are located
in the river-channel deposits. The channel deposits, however, may
have more sand and gravel in the upper 20 to 40 feet of saturated
material than the alluvium and hence may have a higher specific
yield. An analysis of all logs in the river-channel deposits in the
Santa Rita and Santa Ynez subareas shows that the percentage of
sand and gravel in these deposits differs but slightly from that of the
alluvium. In the Buellton subarea, however, the difference, based on
four logs, is appreciable. The total volumes tabulated in table 2 for
the 0-20 foot depth layer, therefore, may be somewhat in error be-
cause the channel deposits comprise a large part of the volume in-
volved. No upward revision of specific-yield values was made in
this depth layer because more logs in the channel deposits would be
needed to substantiate the use of higher values.

ESTIMATES OF STORAGE CAPACITY

Table 2 summarizes the estimates of ground-water storage capacity
of the alluvial deposits of the Santa Ynez River basin between
Cachuma Dam and Robinson Bridge. The last column shows the
estimated total storage capacity contained between the base of the
alluvium and the top of the zone of saturation, when the ground-
water reservoir is full, to be about 81,000 acre-feet. Because not all
the water in this volume is economically recoverable, storage capaci-
ties also are listed in column 5 by selected 20-foot depth layers, so
that the volume down to any specified depth is readily obtainable.
Column 5 does not present the volume between 60 feet and the bottom
in the Santa Rita and Buellton subareas, between 20 feet and the
bottom in the Santa Ynez subarea, and between 20 feet and the
bottom in the Cachuma Dam to San Lucas Bridge reach, because
these volumes are not considered practicable to use. They may be
computed, however, from the differences in the figures presented in
the fourth and last columns. For example, the volume of water in
storage between the bottom of the 60-foot depth layer and the con-
solidated rocks in the Santa Rita subarea is 8,000 acre-feet, ob*ained
by subtracting 28,000 acre-feet (the volume in the 0-60 foot depth
layer) from the total volume of 36,000 acre-feet.

465541—59——3
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TABLE 2.—FEstimaled gross ground-waler storage capacity of alluvial deposits
adjacent to the Senta Ynez River from Cachuma Dam to Robinson Bridge

Estimated storage
Surface Specific (acre-feet)
Subarea and depth layer (feet) area of yield
alluvial fill | (percent)
(acres) Volume Total to
in depth base of
layer alluvium
Cachuma Dam to San Lucas Bridge......_...___ 0-20.. 266 24.7 1,000
Santa YnezZ. oo 0-20_. 1,275 4.7 - 3,900
Buellton . . e 4,243 | oe|ecai o
0-20_ e 17.1 13, 200
2040 _ | 18.2 , 000
40-60_ |- oo 16.8 10, 600
Santa Riba . oo e 4,425 | e
0-20_ .| oo 19.8 12, 500
2040 f oo 18.3 9, 000
40-60_f- oo 18.4 6, 500
B 17723 USRS JSOR IR [P, 70,000

The depth layers or zones shown in table 2 can be used to compute
storage depletion or replenishment from a consideration of the net
change in elevation of the water table for any chosen period. A
uniform drop in water levels of 20 fect in the Santa Rita subarea,
for instance, would indicate a depletion of ground-water storage
amounting to 12,500 acre-feet. Extensive use is made of this table
in estimating storage changes for the periods 1945-51 and 1951-52.

PRACTICAL DEPTH OF DEWATERING

Although table 2 lists the gross storage capacity of the alluvial
deposits between Cachuma Dam and Robinson Bridge, it gives little
indication of how much water in storage would be economically re-
coverable. ILowering the water table to a depth approaching the
full thickness of alluvium would increase the amount of electric energy
consumed to overcome the increased lift, require the deepening of
some wells, and cause the total dewatering of some areas and wells
along the edge of the valley. Furthermore, because a well has to
tap some saturated thickness for the pump to draw any water, it
would be utterly impractical to dewater all the deposits completely.
The actual determination of a practical limit of drawdown is a subject
for future study, but enough data are available to show the effect
that lowering the water table would have on wells now in existence.
The question under consideration during a preliminary study of
the practical depth of dewatering was: “How far can water levels
be lowered before wells must be deepened or abandoned ¢’ To answer
this question, the land-surface elevation and bottom elevations of all
wells for which data were available were plotted to scale by subarea
on cross-section paper. The water level as of March 1952, when the
basins were full, was superimposed on these plots and then theoreti-
cally lowered in increments of 20 feet, which would correspond to
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the depth layers in table 2. Lowering the water table in this manner
revealed the wells that were not deep enough to reach to newly
assumed water-table elevations. Data collected in this study are
summarized in the table below, which shows the percentage of wells
that would become inoperative with each increment of water-table
decline.

Percent of wells in the Santa Ynez River basin that would become inoperative by
lowering the waler iable to selecled depths below highest levels

Selected water- Percent of wells
level depths becoming inoperative
Subarea below highest
level of
March 1952 Irrigation | Domestic:

(feet) wells wells
anta YNer e 20 0 0
S 40 10 33
60 90 67
Buelton. . e —— e am 20 3 21
40 24 59
60 70 68
Santa Rita. e ccmcm—cc——aae 20 0 59
40 23 88
60 71 100

From the above table it is obvious that any lowering of the water
table to a depth of more than 40 feet below the level of March 1952
would have serious consequences on the existing wells. At a depth of
40 feet below the level of March 1952, for example, 10 to 24 percent
of the existing irrigation wells would be inoperable.

STORAGE CHANGES
METHOD OF COMPUTATION

Admittedly, the best method of computing storage change for any
desired period would be by the preparation and comparison of water-
level contour maps based on measurements of water levels in as many
wells as possible. By superimposing these maps, contours could be
drawn showing the net water-level change. For the years 1945-52,
insufficient wells and a lack of complete areal coverage, however, make
the drawing of such contours for the area upstream from Robinson
Bridge difficult, if not impossible. Most wells have been drilled close
to the winding course of the river in order to take advantage of the
shallow depth to water and proximity to the principal source of re-
charge, and as a result the control of contours near the outer limits
of the alluvium is poor. In 1953 the Bureau of Reclamation installed
additional observation wells in deficient areas in response to the
Survey’s request. Measurements from these supplementary wells will
be available for control and for analysis of future changes in storage.

In the absence of sufficient data to prepare water-level contour maps,
average water-level changes, weighted areally within each subarea,
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were computed on the basis of all available water-level measure-
ments. The total volume of the material in which the change of
water level took place is the product of the average water-level
change and the average area of the dewatered alluvial deposits. This
product multiplied by the appropriate specific-yield figures in table
2 gives a reasonable estimate of the net change in ground-water
storage.

DEPLETION OF STORAGE, 1845-51

In the period 1935-44 precipitation and streamflow were above nor-
mal, and as a result the ground-water reservoir between Cachuma
dam site and Robinson Bridge was fully replenished each winter
after having been drawn down by withdrawals during the preceding
growing season (figs. 6 and 7). Beginning with 1945, however, 7
consecutive years of below-normal precipitation and recharge re-
sulted in the yearly withdrawal of ground water at a rate exceeding
the rate of replenishment. Throughout the valley declining water
levels attested that ground-water storage was being depleted. Short-
term depletion in itself is not a serious consequence of pumping in
excess of recharge unless the “safe” or perennial yield of the ground-
water basin is exceeded.

The perennial yield of a ground-water basin is the rate at which
water can be pumped from wells year after year without decreasing
storage to the point where the rate becomes economically infeasible,
physically impossible to maintain, or causes intolerable chemical de-
terioration of the ground water.

In the Santa Ynez River basin the perennial yield has been esti-
mated by Upson (Upson and Thomasson, 1951, p. 113-114 and 118-
119) to be at least 7,600 acre-feet in the Buellton subarea and at least
7,500 acre-feet in the Santa Rita subarea. No estimate was made for
the Santa Ynez subarea. Although withdrawals plus natural dis-
charge in an individual year have exceeded the recharge for that
year, they have not exceeded the long-term average annual recharge.
Similarly, ground water was depleted somewhat during years of over-
draft, but the storage was sufficient to supply all the needs of the
valley for a period of 7 dry years. At no time during this period were
pumping lifts increased excessively or, so far as is known, were waters
of questionable quality drawn into the underground reservoir.

Table 3 shows the estimated net changes in storage in the three sub-
areas during the period 1945-52. The net changes were computed by
the method previously outlined. Because there were no water-level
records prior to 1954 for the reach between Cachuma Dam and San
Lucas Bridge, no estimates of the storage changes could be made.
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TABLE 3.—Estimated net changes of ground-water storage in Santa Ynez, Buellton,
and Sante Rita subareas, 1946-562 .

Average Area of Storage
Number | net water- | alluviam Estimated | change: Amount
of wells | levelrise | at topof | Volume of | average net in- remaining
Subarea used in +) or saturated | material specific | crease (4) |in storage
average ecline section (acre-feet) yield or decrease | (acre-feet)
(-) (acres) (percent) =,
(feet) (acre-feet)
For the 6-year period April 1945-April 1951
Santa Ynez........ 3 —9.06 1, 000 9,100 24.7 -2,200 1, 700
Buellton..___.__.__ 19 —~2.62 4, 000 10, 500 17.1 -1, 800 35, 200
Santa Rita__.._____ 4 -5.70 3, 500 X 19.8 —4, 000 24, 000
Total . _____ | ... - - B P -8, 000 60, 900
Cumulative stor-
agechange._.____| ._...._.... - —8,000 [caacmmmaeea
For the 7-month period April-November 1951
—4.04 1, 000 4, 000 4.7 -1,000 2, 900
-3.70 4, 0600 14, 800 17.1 -2, 500 32,700
—2.32 3, 500 8, 100 19.8 -1, 600 22,400
- [ S - -|- o —5,100 58, 000
Cumulative stor-
age change. ... |...._..__ 213,100 |~cuccmanaan
For the 4-month period November 1951-March 1952
1, 000 12, 500 4.7 +3,100 6, 000
4, 000 19, 700 17.1 +3, 400 36, 100
3,500 23,200 19.8 -+4, 600 26, 000
- .- - - -+11, 100 71, 100
Cumulative stor-
agechange. ____ | . | oL .. - 3 —2000 {--eaeccmenen
For the 7-year period April 1945-March 1952
Santa Ynez._._____ 3 +0.47 1,000 500 4.7 4100 3, 900
Buellton___..._ 18 —0.838 4, 000 3, 500 17.1 —-600 36, 400
Santa Rita._.___.._ 3 —1.85 3, 500 6, 500 19.8 -1, 300 26, 700
117 R (SR MR AU, - -1, 800 67, 000
Cumulative stor-
agechange...._.__ | ..__...__]- -SRI SR IR ~1,800 |ccceromcaaa -

) lt;rlﬁ 2(1)if)oot depth in Santa Ynez subarea and to 60-foot depth in Buellton and Santa Rita subareas
68 e 11).
2 April 1945 to November 1951,
3 April 1945 to March 1952,

Table 3 shows that, starting with the basins nearly full in 1945,
there was a total net depletion for the two periods, April 1945 to
April 1951 and April 1951 to November 1951, of 13,100 acre-feet.
Also, in November 1951 there was 58,000 acre-feet of water remain-
ing in storage. During the short 4-month period November 1951
to March 1952 the basins were recharged by an estimated net increase
in storage of 11,100 acre-feet. This indicates that the basin lacked
about 2,000 acre-feet of being restored to the storage level of April
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1945. Similarly, table 8 shows a net depletion for the overall 7-year
period April 1945 to March 1952 of 1,800 acre-feet—only 200 acre-feet
less than that obtained by the separate study of the 2 periods of
depletion and 1 of replenishment.

The data contained in table 3 are accurate only if the specific-yield
figures chosen and the average water-level changes computed are truly
representative. Of the two weaknesses in the compilation, the com-
puted average water-level change is probably subject to greatest error,
especially in the tabulations for 1945. Fewer wells were measured
periodically during the early years of the investigation than are now
being measured, and, as a consequence, average water-level changes
for these early years are based on measurements in only a few wells.

The rapid replenishment of the basins from November 1951 to
March 1952, after 7 years of depletion was produced by two severe
storms in January and March 1952 in the valley. Had the effects of
the storms been of short duration, much of the available recharge
would have been lost as surface-water outflow, because, for infiltra-
tion to take place, the recharge must move through the unsaturated
materials above the water table. As stated by Meinzer (1942, p. 401) :

The proportion of the precipitation (and resulting runoff) that becomes ground
water increases with the precipitation up to a certain limit. If precipitation
occurs in light scattered rains, it may all be absorbed by the soil; the rains that
occur after the deficiency of soil moisture has been satisfied are those that count
for ground-water recharge.

Fortunately, the December-January storm was sufficient in magni-
tude and duration not only to make up the soil-moisture deficiency
but also to permit substantial recharge to ground water. Succeeding
rains during February and early March 1952 were closely spaced,
and therefore the soil moisture once replenished remained so; each
storm contributed some replenishment to ground-water storage. How-
ever, storage was almost fully replenished by March 11, and there-
after essentially all available recharge was rejected; floodwaters of
the March 18 storm, for example, were largely wasted to the ocean.

One of the most significent features shown by table 3 is the rela-
tively small depletion of ground water during the dry period 1945-51.
Although the depletion of storage in the Santa Ynez subarea was
about 50 percent, the depletions in the Buellton and Santa Rita sub-
areas were only about 12 and 16 percent, respectively. For the area
as a whole the total net depletion was only 17 percent.

All the foregoing statements are based on conditions before the
closure of Cachuma Dam. A similar set of data collected subsequent
to the operation of the reservoir will record the effect on the river regi-
men and the resultant rates of ground-water depletion and recharge.
A study of controlled releases from the reservoir during the tenure of
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the interim contract ultimately should provide a basis for an equitable
operational procedure.
GROUND-WATER GRADIENTS

Many of the data on depletion and replenishment presented in the
preceding section were based on water-level measurements made in
shallow observation wells constructed along five profile lines across the
river beginning in January 1951. Water-level measurements in these
wells, together with measurements in existing wells, was begun to
obtain information concerning ground-water gradients under various
conditions of river flow, on depletion and recharge of storage, and on
the direction of movement of underground waters.

To obtain this information, five lines were selected across the alluvial
deposits of the basin (pl. 4). The wells along these lines consisted
principally of irrigation or domestic wells already in existence, supple-
mented by 114-inch wells placed where needed to provide full coverage
along each line across the basin. The supplemental wells, placed by
the Bureau of Reclamation, were constructed in most cases with the
aid of a power auger. After an 8-inch hole had been drilled to a depth
of at least 10 feet below the record-low water table, a 114-inch pipe
with a well point then was lowered into place and the hole backfilled
with sand and gravel.

PROFILE LINE 1

Profile line 1, about 214 miles downstream from San Lucas Bridge,
was inaccessible during the January 1952 flood stage of the Santa Ynez
River, but sufficient data were collected to draw the water-level profiles
shown on plate 11. Because the water in storage in this subarea is
considerably less than that in any of the subareas downstream from the
Headwater subarea, ground-water withdrawals during the drought
years lowered the water table considerably. Along line 1 the record
low levels on December 5, 1951, were nearly 20 feet lower than the levels
on April 1, 1952, which are believed to be nearly as high as the high
levels in the winter of 1944 (fig. 6).

Recovery of the water table in this subarea, as evidenced by the pro-
files and hydrographs, was swift and essentially complete. Prior to
the winter rains of 1951-52 the ground-water gradients sloped toward
the south-central part of the basin where pumping and natural down-
stream drainage of ground water are greatest. With the arrival of
flood waters in January, however, the depleted storage was replaced
almost completely as shown by the April 1, 1952, water-level profile.
The profiles show further that pumping produces a depression in the
water table during times of no flow in the river, but at times of river
flow pumping is sustained in part by induced infiltration from the
river.
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PROFILE LINE 2

Profile line 2 is about 114 miles upstream from Buellton Bridge
near the east end of the Buellton subarea (pl. 4). The ground-
water gradient on December 5, 1951, based on the record low levels,
was generally southward across the profile (pl. 4). Little is known
regarding the gradient on the south side of the river because only
one well is accessible for measurement and that well i§ close to the
river. The storm and recharge of January 1952 resulted in a gradient
away from the river in a northerly direction, indicating that a mound
of recharge was moving north; the greatest recoveries were observed
in wells near the river, whereas smaller recoveries were observed
in wells 6/31-17C1 and 6/31-17F1 some distance away from the
river. For description of the well-numbering system see page 107.

With the passage of time, however, riverward gradients were rees-
tablished (March 17 and November 18 profiles on pl. 4) and recov-
eries at the edge of the basin reached the same magnitude as those close
to the river. The overall recovery along the profile line from Decem-
ber 1951 through March 1952 was about 10 feet. The riverward
gradients established in March sustained the summer low flow of the
Santa Ynez River.

PROFILE LIRE $

Profile line 3 is about 114 miles downstream from Buellton Bridge.
Like line 1, line 3 shows a gradient toward the area of large with-
drawal along the river flood plain as of the record low of December
1951 (pl. 4). At the flood stages of January 18 and March 17, 1952,
the gradients were to the river, indicating that there was ground-
water discharge to the river in this section. The Paso Robles forma-
tion and Careage sand underlie a large area north of the river and
doubtless contribute some water to the younger deposits adjacent
to the stream channel. The net rise in water level along the profile
from December 1951 through March 1952 was about 7 feet.

Plate 4 shows that by the end of the pumping season in November
1952 the river was contributing some replenishment to ground-water
storage, which had been depleted during the preceding summer. The
ground-water profile for November 18, 1952, shows that the gradients
both north and south of the river were away from the river.

. PROFILE LINE 4

Profile line 4 at the western limit of the Buellton subarea and the
gradients shown are unique among those on the 5 profiles in that,
regardless of river stage, they always have been southward to the
river, indicating discharge from the Paso Robles formation and
Careaga sand north of the river (pl. 4). At this profile water has
always been visible in the river bed. Even during a drought the
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river bed is marshy and supports a luxurious growth of phreatophytes.

The profiles for December 1951 and November 1952 illustrate an
unusual phenomenon in that, after the floods of 1951-52 with the river
flowing continuously and with little pumping, there was a net deple-
tion instead of replenishment in ground-water storage during the
period in the vicinity of this cross section. The profiles on plate 4
show that the water levels during February and part of March were
below those of January. The hydrograph for well 6/32-9A2 (pl. 5)
shows the decline from January to November 1952 more clearly. In
explanation, there was very little storage depletion prior to the heavy
precipitation of January 1952. The peak flow of the Santa Ynez
River quickly replenished this storage, but at the same time the river
bed was scoured out to a depth of 1 to 2 feet below what it had been
before the storm. After the passage of the storm, the stream was
gaining through this reach and, because the stream channel was cut
deeper into the water table, the ground-water level declined to a level
Jower than it had been prior to the storm.

PROFILE LINE 5

Water-level profiles plotted on profile line 5 (pl. 4) are question-
able because the floodwaters of January 1952 washed out wells
6/32-17D1 and 6/32-17D2. In .addition to the loss of two wells,
well 6/32-8N3 was inaccessible during December, January, and part
of February. The profiles do show, however, that the river was
gaining water from or losing water to the north, depending on the
position of the water levels relative to the river. The net rise along
the profile from December 1951 to March 1952 was about 8 feet.

RELATION BETWEEN RUNOFF AND GROUND-WATER RECHARGE

The relation between runoff and ground-water recharge is depicted
in figure 9. The bar graph shows the discharge of the Santa Ynez
River at San Lucas Bridge for the period January through March
1952. Above the bar graph is a composite hydrograph based on
water-level measurements in 24 of the 29 profile wells. The hydro-
graph was constructed by averaging, for any particular date, the
total rise of water level in each individual observation well above
its level of December 30, 1951. As shown by the hydrograph, the
bulk of the recovery and hence recharge occurred as a result of the
January 1952 storm and, indeed, nearly 5 feet of the total 8-foot
recovery occurred between January 10 and 20.

SEEPAGE LOSS FROM THE SANTA YNEZ RIVER

A study of regulated releases from Cachuma reservoir down a dry
channel would aid in determining seepage-loss rates from the Santa
Ynez River. This study would yield much valuable information in
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the future, and it is planned that many such releases will be made;
but, in the meantime, the storms of January and March 1952 give an
imposing idea of how fast large quantities of water can be recharged
to the younger alluvium and river-channel deposits.
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Commencing January 14, 1952, water-level measurements were
made daily for a period of about 2 weeks in almost all the wells
comprising profile lines 1 to 5. It was intended that these measure-
ments would be used to compute the storage change by subarea over
a 2- or 3-day period. From a consideration of storage change and
the wetted acreage of the river bed, infiltration rates could then be
determined. Of course, due consideration would have to be made
for recharge from sources other than the river. This analysis showed
extremely low seepage-loss rates, because much of the recharge
occurred prior to January 14 (pl. 16). With a ground-water mound
already built up beneath and adjacent to the river as of January 14,
most of the river flow was passing overland and out of the area. An
estimate of seepage rates by this method might have been possible
if water-level measurements had been obtained daily prior to January
14. Also, inasmuch as flood flows were too large to measure in de-
termining seepage losses, a check of storage-volume changes versus
seepage losses between gaging stations was unsuccessful.

In the absence of seepage-loss rates, however, it is still interesting
to note that tremendous quantities of water were recharged to the
alluvial deposits in the relatively short period of 11 days. The fol-
lowing table shows the volume of water contributed to the ground-
water reservoir in the Santa Ynez, Buellton, and Santa Rita subareas
during the period January 7 to 18, 1952.

Estimated increase in ground-waler storage in the Santa Ynez, Buellton, and Santa
Rita subareas, January 7 to 18, 1952

Average Area at Volume | Estimated
rise of top of change of | specific | Increasein
Subarea water zone of saturated yield storage
level saturation | section (percent) | (acre-feet)
(feet) (acres) (acre-feet)
Santa Ynez ... 9.76 1,000 9, 800 24.7 2, 400
Buellton R 3.86 4,000 15, 400 17.1 2, 600
Santa Rita. .. 5.50 3,500 19, 300 19.8 3,800
Total, San Lucas Bridge to Robinson Bridge. .. caco oo om e ccccccccmcnee 8,800

Plate 4 shows the fluctuations of water level in all wells on the pro-
file lines for the months of December 1951 through April 1952, but
they are not sufficient in detail to show the day-to-day rise or the
frequency of measurement. Plate 5 contains one representative hydro-
graph from each of the five profile lines and the daily precipitation
at Santa Barbara. The hydrographs clearly show the rapid response
of ground-water levels to precipitation. The rains of October, Novem-
ber, and December, 1951, were sufficient to restore soil moisture, but
they added little to ground-water storage, as indicated by only the
slight upward trends of the hydrographs during this period. The
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rise in part is due to the decrease in pumpage and evapotranspira-
tion. Thereafter, runoff occurred as a result of above-average pre-
cipitation on a soil whose moisture content probably was close to a
maximum. A part of the precipitation became recharge to ground
water by deep penetration, but only roughly 5 percent of the runoff
was utilized to replenish storage to essentially full capacity.
REGULATED RELEASE OF WATER FROM CACHUMA DAM

The Cachuma Dam closed on January 7, 1953, and all waters enter-
ing Cachuma reservoir were stored commencing that date, because
a live stream existed as defined by the terms of the contract. By March
15, however, it became evident that the “live stream” would be short
lived and that, by the terms of the contract, it would be necessary to
release through the diversion tunnel all waters entering the reservoir.
On March 25 releases were begun at an initial rate of 17 second-feet.
Releases continued thereafter at a rate equal to the inflow to the reser-
voir, averaging about 16 second-feet during the following 40 days.

Prior to the release a dry channel, except for isolated pools, existed
between the dam and a point about 114 miles upstream from Refugio
Pass road—a distance of about 7 river miles. At this point the flow
of Zanja Cota Creek reached the Santa Ynez River and provided
a perennial low flow for some distance downstream. The alluvial de-
posits of the river are separated from the older water-bearing deposits
to the north, which form an extensive catchment area, by the essen-
tially non-water-bearing consolidated Tertiary rocks. Precipitation
falling on the catchment area percolates to the ground-water body
and then flows southward until it reaches the consolidated rocks where
ground water is forced upward in the lower reaches of Alamo Pintado,
Zanja Cota, and Santa Agueda Creeks to become surface flow that
crosses the Tertiary rocks and empties into the Santa Ynez River.

During the period January 7 to March 25 when the dam was closed,
water levels in the river reach from Cachuma Dam to 114 miles up-
stream from Refugio Pass road dropped steadily (fig. 10). It was
anticipated that certain hydrologic data, collected simultaneously
with the release of water, would afford a means of estimating not only
seepage-loss rates but also specific yield. To this end, water-level
measurements were made daily in all existing wells in which measure-
ments could be made with a tape, electric meters on all pumping plants
were read daily, and the progress of the streamflow downstream was
recorded. The Bureau of Reclamation made streamflow measuments
at a number of miscellaneous sites. Plate 6 shows the location of
wells used to determine storage changes and the progress of stream-
flow downstream in response to controlled releases from the dam after
March 25,1953,

The rate of seepage loss, shown graphically on figure 11, was
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measured between the dam and a point 114 miles upstream from
Refugio Pass road. All the released water, except that standing on
the surface and the water released to fill the stilling basin, percolated
to the water table during the first 12 days of the operation. On the
twelfth day the flow joined the live section of the stream maintained
perennially by Zanja Cota Creek. The maximum rate of seepage loss
was about 18 second-feet, but it probably would have been greater
had the release been greater. As a ground-water mound continued to
be built up in the vicinity of the river, the rate of loss declined to
a minimum of about 2 second-feet.

During the release of water from Cachuma reservoir, changes in
the volume of subsurface saturated material were computed by meas-
uring the depth to water in a number of wells along the stream course
and computing the area of the top of the saturated section. A com-
parison of these volume changes with the amount of water known
to produce the change provided the information necessary to estimate
specific yield. For example, in the 10-day period, March 25 to April 4,
the average release from the reservoir was 16 second-feet or a total
of 318 acre-feet. Of this total, 28 acre-feet was used to fill the stilling
basin at the foot of the spillway and 22 acre-feet was discounted as
having been pumped for irrigation. The pumpage estimate was based
on the total power consumed by pumping plants (based on meter
readings) and an average figure for the kilowatt hours required to
pump 1 acre-foot (based on pump-efficiency tests). It is assumed,
therefore, that 268 acre-feet was contributed directly to ground-water
storage, disregarding bank storage, evapotranspiration, and the water
on the surface. The volume of material saturated during this period,
based on water-level measurements in wells, increased by 1,140 acre-
feet; the computed specific yield, therefore, is about 23.5 percent.

UNDERFLOW AT CACHUMA DAM SITE
METHOD OF COMPUTATION

The 10-year interim contract between the Bureau of Reclamation
and the Santa Ynez River Valley Water Conservation District (p. 2)
stipulates that no water may be stored in Cachuma reservoir unless a
live stream exists. When a live stream does not exist, the downstream
users are entitled to the natural flow of the river including both sur-
face- and ground-water flow. Surface flows are gaged at a stream-
gaging station maintained above the reservoir but, because direct
measurement of subsurface flow is not possible, an indirect method
-based on Darcy’s law is used.
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Darcy’s law, as it applies to the flow of water through a porous
media, may be expressed :

Q=PIA

where, in units most suitable for ground-water use, @ is the discharge,
in gallons per day; P is the coefficient of permeability, in gallons per
day per square foot; 7 is the hydraulic gradient, in feet per foot; and
A is the cross-sectional area, in square feet. To evaluate @, therefore,
we need to know the saturated cross-sectional area of the younger
alluvium and river-channel deposits through which the underflow is
moving, the hydraulic gradient responsible for the movement, and the
permeability of the saturated material.

TEST PUMPING FOR AQUIFER COEFFICIENTS

In order to determine permeability, an aquifer test was made on
April 30, 1951, about 114 miles upstream from the dam site (fig. 12).
Well 6/29-20F3 was pumped at a rate of 1,100 gpm (gallons per
minute) for a period of 25 hours, and wells 6/29-20F1, 20F2, 20F4,
and 20F5 were used as observation wells. An automatic water-level
recorder was operated on well 6/29-20F4, and tape measurements
were taken on the remaining observation wells. At the completion

Area=27,300sg ft

ELEVATION, IN FEET ABOVE
MEAN SEA LEVEL
55588533

SECTION AT CACHUMA DAM AXIS
Q 300 Feet

Horizontal scale

1000 0 3300 Feet

FI1GURE 12.—Sketch map showing location of observation wells, and cross-sectional area
at Cachuma dam site.
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of the test, an analysis was made in conformance with the non-
equilibrium formula developed by Theis (1935).

_114.6Q (= e*du

T= s 181128 o
Tt

where 7 is the coefficient of transmissibility, in gpd (gallons per day)
per foot; € is the discharge of the pumped well, in gpm (gallons
per minute) ; s is the drawdown, in feet; » is the distance from the
pumped well to the point of observation, in feet; S is the coefficient
of storage, expressed as a decimal; and ¢ is the time since pumping
started, in days. That part of the equation that lies to the right of
the integral sign is not directly integrable, but it can be evaluated as
a series:

f © e~ *“du
18728/t U

W 772161 L
=W(u)=—0.577216— oggu—{-u—m-{—g.-é—!—- ..........

In its simplest form, the nonequilibrium formula may be written:
p-140

where W (u) is a symbol used to represent the series that evaluates
the exponential integral and is generally read “well function of w.”

Similarly, in its simplest form, the coefficient of storage can be ex-
pressed :

uTt

S=1g77

Logarithmic plots of s versus 72¢ were made for each of the observa-
tion wells, and all were similar to that shown for well 6/29-20F5
(fig. 13). The observed-data plots were matched against a type curve
of w versus W(u) for a graphical solution of the values of % and
W (u) that could be inserted in the nonequilibrium formula. The co-
efficient of transmissibility was computed to be about 140,000 gpd
per foot and the coefficient of storage was computed to be about 0.07.

The figure 140,000 gpd per foot is considered representative of the
average coefficient of transmissibility of the aquifer, but the computed
average coeflicient of storage probably is low, because of slow drain-
age in the aquifer and a longer test would have been required to

465541—59——4
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Fi6URE 13—Logarithmic plot showing drawdown of water level in observation well
6/29-20F5 by pumping well 6/29-20F3.

overcome the effects of this slow drainage. In the final analysis of
the data, the storage coefficient obtained for well 6/29-20F4 was not
used, because this well was known to be a “sluggish well” not entirely
open to the aquifer.

All the plotted data for the early part of the test show some di-
vergence from the type curve, suggesting that the cone of depression
was influenced by an impermeable barrier or at least by the pumping
of one or more nearby wells. In the final analysis, however, the pos-
sibilities were overruled. No other wells existed in the area and, by
trial analysis, it was determined that a longer time of pumping would
have be&n required for the known impermeable barrier, the con-
solidated rock at the south edge of the alluvium, to produce any ap-
preciable drawdown in the observation wells. The departures of
the observed-data curves from the type curves are probably due to
slow drainage of ground water during the first few hours of pumping
through fine-grained, dirty sediments or at least through a material
that was highly heterogeneous. As a result, the water levels in wells
were unduly depressed.

DETERMINATION OF UNDERFLOW
Up to this point the coefficient of permeability has been ignored,
and in its place the coefficient of transmissibility has been determined
because it is the more convenient term to use throughout the mathe-
matical and graphical treatment of the test-pumping data. By defini-
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tion, the coefficient of permeability is the rate of flow of water in
gallons per day through a cross-sectional area of 1 square foot, where-
as transmissibility is the rate of flow through a vertical strip of the
whole aquifer 1 foot in width. The coefficient of permeability, there-
fore, can be obtained by dividing the transmissibility by the thick-
ness of the saturated aquifer. The thickness of the saturated sec-
tion in the vicinity of the pumping test is approximately 45 feet and
therefore the permeability is about 8,000 gallons per day per square
foot of aquifer.

The saturated cross-sectional area at the dam site has remained
essentially constant at about river-bed level, and, from test borings
made in connection with foundation studies for the dam, the area
plotted on the cross section (fig. 12) is about 27,300 square feet. The
hydraulic gradient was determined from water-level measurements
taken in test borings and borrow pits upstream from the dam site and
was found to be essentially parallel to the river-bed gradient of 0.0033
feet per foot (17.4 feet per mile).

Substituting in the equation based on Darcy’s law:

Q=PIA
(0=3,000 Py 4 003 f—t><27,30o ft2
ft2 ft
=270,000 gpd

This is about 0.42 second-foot or about 300 acre-feet a year.

HYDROLOGIC EQUATION, APRIL 1945 TO APRIL 1951
FACTORS IN THE EQUATION

With Cachuma Dam in place, the quantity of water originating
from sources below the dam becomes a critical item in the replenish-
ment of the ground-water reservoir. An estimate of this quantity can
be made by evaluating the general hydroloegic equation during a pe-
riod in which the contribution of surface water past San Lucas Bridge
is negligible.

Between 1946 and 1952 there was very little flow past San Lucas
Bridge; so, for all practical considerations essentially the same hydro-
logic conditions existed as though Cachuma Dam were already in
place. With this condition, changes in storage, as a result of pumping,
are a reflection of the adequacy of replenishment from local sources
below the dam.

In any hydrologic unit, the quantity of water entering the unit
must equal the quantity of water being withdrawn and discharged
from the unit plus or minus any changes in storage within the unit.
In the hydrologic unit formed by the water-bearing deposits of the
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alluvial fill between San Lucas Bridge and Robinson Bridge the in-
flow-outflow factors are:

Injflow Outfiow

Precipitation Surface flow of Santa Ynez

_ River past Robinson Bridge

+

Surface flow of Santa Ynez Underflow of Santa Ynez River
River past San Lucas Bridge at The Narrows

+ +

Underflow of Santa Ynez River|_ | Pumpage
at San Lucas Bridge

+ +
Surface flow of tributary streams Evapotranspiration
+ + or —

Underflow from adjacent aquifers| |Net change in storage

+

Return irrigation water

Estimating the various items of the hydrologic equation is difficult
and at times uncertain, but some items, such as surface flow, can be
measured directly. Others, such as underflow, the precipitation in-
crement, return irrigation water, pumpage, and evapotranspiration,
must be computed by indirect methods.

The author proposes to estimate all the items on the outflow side of
the equation and only the surface flow and underflow of the Santa
Ynez River past San Lucas Bridge on the inflow side of the equa-
tion. The remaining items of inflow are the precipitation increment,
surface flow of tributary streams, underflow from adjacent water-
bearing deposits, and return irrigation water, which together com-
prise the total contribution from sources below the dam. By selecting
a period in which surface flow and precipitation are negligible, nearly
all the recharge from local sources can be attributed to underflow from
adjacent deposits and return irrigation water—two of the items most
difficult to estimate. By treating the equation in this manner, how-
ever, the balance between inflow and outflow will not serve as a check
on the accuracy of the estimates.

An examination of streamflow and precipitation records indicates
that the ideal period for analysis would be the period covering the
water years 1947-48 through 1950-51, during which only 1.970 acre-
feet of surface flow passed San Lucas Bridge. Insufficient water-level
measurements in 1947, however, make it impossible to estimate storage
changes for this period, and therefore, it was necessary to use a longer
time span that includes two years of considerable streamflow (1945
and 1946) but which is nevertheless well below average. The period
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selected is spring 1945 to spring 1951 when 53,960 acre-feet of surface
flow passed San Lucas Bridge (table 1). The spring of the year is
selected because water-level measurements at this time of the year most
nearly represent true “static” levels—levels not drawn down by pump-
ing. Consequently, storage changes based on spring-to-spring meas-
urements are more accurate.

Another difficulty is the selection of the hydrologic unit itself. Be-
cause the area lends itself to division into three distinct hydrologic
subareas, it would be best to deal independently with the hydrologic
equation for each subarea. The advantage of such treatment is readily
apparent in the Buellton subarea, where the alluvial deposits that
underlie the valley floor are in hydraulic continuity with a large catch-
ment area to the north underlain by the Paso Robles formation and
Careaga sand. An estimate of recharge from the Paso Robles forma-
tion and Careaga sand would be of benefit in determining the perennial
yield of the Buellton subarea. To treat the subareas independently,
gaging stations at the boundaries of each subarea would be required.
Gaging stations have been maintained at San Lucas Bridge, Mission
Bridge, and Robinson Bridge. These stations practically limit the
definition of hydrologic units to the Santa Ynez subarea independently
and to the Buellton and Santa Rita subareas combined. Despite the
lack of gaging stations, an attempt is made to deal with each subarea
independently by estimating the outflow from the Buellton subarea in
the manner described on page 13. The overall equation for the three
subareas combined, however, will be considered first.

OUTFLOW
SURFACE FLOW AT ROBINSON BRIDGE

A gaging station has been operated continuously at Robinson Bridge
since April 1925, and the records have been published in Geological
Survey water-supply papers. From these records the outflow is com-
puted as 9,200 acre-feet for the period April 1 to September 30, 1945;
38,970 in 1945-46; 13,940 in 1946-47; 50 in 1947-48; 2,040 in 1948-49;
1,460 in 1949-50; and no flow for the period October 1, 1950 to April
1951. The total flow for the 6-year period April 1945 to April 1951
was 65,660 acre-feet.

UNDERFLOW AT THE NARROWS

Upson and Thomasson (1951, p. 80) estimated the underflow at The
Narrows to be 600 acre-feet per year. This estimate was made by use
of the equation Q=~P74, which is explained on page 42. During the
period 1935-44 the saturated cross-sectional area of the alluvial de-
posits at The Narrows was 87,000 square feet, the ground-water
gradient was about 8 feet per mile, and the permeability of the deposits
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was estimated from aquifer tests to be on the order of 4,000 gpd per
square foot. Thus, the underflow for the period 1935-44 was about
600 acre-feet per year. For the period 1945-51 the ground-water gra-
dient was steeper, but the saturated cross-sectional area decreased.
In 1951, on the basis of the averaged water-level measurements in wells
6/84-2A6, 7/34-35F2, 35F16, and 35L1, the water-table slope was
about 22 feet in 0.85 mile or about 26 feet per mile. These same meas-
urements show that the saturated section decreased about 7 feet in
thickness, thereby resulting in a saturated cross section of about 84,000
square feet in 1951. From these data, and by use of the equation
@ =PI A, the underflow is estimated to have been about 1,800 acre-feet
in 1951. For the 6-year period April 1945 to April 1951 the hydraulic
gradient increased from about 10 feet to 26 feet per mile and averaged
18 feet per mile, and the saturated cross-sectional area averaged about
85,000 square feet. Thus, for the period, the total estimated underflow
was about 8,000 acre-feet.

WITHDRAWALS FOR IRRIGATION

Estimates of pumpage for irrigation are based on total kilowatt-
hour figures supplied by the Pacific Gas and Electric Co. for the
aggregate seasonal use of electric power in the alluvial deposits adja-
cent to the Santa Ynez River from San Lucas Bridge to Robinson
Bridge. The irrigation season is considered as commencing April 1
and extending through March 31 of the following year. In addition
to power-consumption records, the power company also made avail-
able the results of more than 130 pump-efficiency tests for pump in-
stallations in the same area. From the latter records, a mean energy
coefficient of 185 kilowatt-hours was derived as the power required
to pump 1 acre-foot of water. Pumpage by electric power in the
alluvial deposits adjacent to the river is then prorated for each sub-
area in proportion to the respective number of electrically operated
pumps. To the pumpage by electric power is added an estimate for
pumpage by diesel, gas, and gasoline-driven pumps. The following
table shows the irrigation pumpage by subareas for the irrigation
seasons 1945-52.

Pumpage for irrigation along the Santa Ynez River, largely from wells in the younger
alluvium, 1945-52

Pumpage, in acre-feet, for irrigation season, largely May-November, in —
Subarea

1945 1946 1947 1948 1949 1950 1951 1952
Santa Ynez...._._._._ 1, 500 1, 600 2,100 1, 700 1, 2,100 1, 600 1,
Buellton.__._.._____ 7,900 7,400 9, 600 8,000 9, 9, 200 7,400
Santa Rita. 4,900

8,
5,
6,

900

, 400

3,900 3,700 5, 500 5, 500 6, 600 6,300

Total...oceuees 13, 300 12, 700 17, 200 15, 200 17,900 17, 600 13, 900 1

glgsgg
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For the 6-year period April 1945 to April 1951 the pumpage from
the three subareas was 93,900 acre-feet. The preceding table omits
pumpage for miscellaneous uses because they compose only a very
small part of the total water pumped. For the 6-year period April
1945 to April 1951 the estimated pumpage for domestic, stock, and
industrial uses was about 3,000 acre-feet, which is equivalent to about
3 percent of the total pumped for irrigation.

EVAPOTRANSPIRATION

In the period 1935-44 evapotranspiration accounted for the greatest
part of the total discharge, but in recent years the rapidly increasing
withdrawals for irrigation have supplanted evapotranspiration as the
primary item of discharge. For the period 1985-44 Upson (Upson
and Thomasson, 1951, p. 114 and 118) estimated the average yearly
evapotranspiration as 3,200 and 5,500 acre-feet for the Buellton and
Santa Rita subareas, respectively, but no estimate was made for the
Santa Ynez subarea. These estimates were based on a summarization
of the work of Troxell (1933, p. 147-172) and Muckel’s study in 1944
of consumptive use of water on the bottom lands of the Santa Ana
River in Riverside and Orange Counties. A factor of 2.5 acre-feet
of loss per acre was computed in the summarization, but this factor
could hardly be applicable to the drought period 1945-51 wherein
water levels declined as much as 10 feet.

Estimates of evapotranspiration from climatological data, covering
the period 1945-51, are based on a method described by Blaney (1952,
p. 61-66) for determining rates of water consumption in areas where
evapotranspiration measurements are not available. By the use of
Blaney’s formula, known consumptive-use data may be transposed
from one area to another by an adjustment based on the relationship
of the product of daylight hours and temperature in the one area to
a similar product in the other area. Consumptive use is affected by
many variables, but, of the most commonly available climatological
data, temperature and daylight hours probably have the greatest in-
fluence on growth. Disregarding the unmeasured factors, seasonal
consumptive use may be expressed mathematically by the formula:

U=KF=sum of kf
where

U=consumptive use (or evapotranspiration) in inches for any period

F=sum of the monthly consumptive-use factors for the period (sum
of the products of mean monthly temperature and monthly
percent of daytime hours of the year)

K=-empirical consumptive-use coefficient
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t=mean monthly temperature, °F

p=monthly percent of daytime hours of the year
Jf=tXp/100=monthly consumptive-use factor
k=monthly consumptive-use coeflicient
u=kf=monthly consumptive use, in inches

Of the disregarded factors, humidity is probably the most serious.
In a coastal valley fog might both diffuse and weaken the sunlight
and maintain high humidity near the ground, reducing the trans-
piration accordingly. In the absence of humidity and pan records,
however, there is not recourse but to ignore the effects of humidity
as well as a number of lesser factors.

Acreages of phreatophytes in the river-bottom lands of the Santa
Ynez River were plotted and measured from air photos and adjusted
to acreages at 100-percent volume density—that is, that product of
the areal and vertical densities (Gatewood and others, 1950, p. 25).
Comsumptive-use values obtained from studies in the San Luis Rey
Valley (Blaney, 1946, p. 211-226) were applied to these acreages after
being adjusted by the ratio of the consumptive-use factor (f) in the
San Luis Rey Valley to the consumptive-use factor in the Santa Ynez
River basin. The San Luis Rey studies were conducted with the
water leve] maintained at selected depths, and the results were inte-
grated with known depth to water in the Santa Ynez River basin for
the period 1945-51. Evaporation from bare land was computed in a
similar manner by transposing data compiled by Veihmeyer and
Brooks (1954) at Davis, Calif. Evapotranspiration estimates for
the period 1945-51 are summarized in the following table.

Average yearly consumptive use of water by native vegelation and by evaporation from
bare soil, Sanla Ynez River basin, 194551

Native vegetation Bare soil Total

Consumptive

Subarea Area at use of native

100 percent | Consump- Area Evapora- | vegetation and

volume tive use (acres) tion evaporation

densit: (acre-feet) (acre-feet) | from bare soil

(acres; (rounded) in

acre-feet

Santa Ynez. ..o 337 850 752 290 1,100
Buellton ..o 788 2,800 535 220 3,000
Santa Rit@o .- o oo oo 859 2,600 1,084 420 3,000
Total. o 1,984 6, 250 2,371 930 7,100

Ordinarily phreatophytes will use moisture from either ground
water or soil moisture as it is available, and, accordingly, the use at-



GROUND-WATER APPRAISAL 51

tributed to ground water must be reduced by the amount of rainfall
contributed to soil moisture and used by the plants. Along the Santa
Ynez River, however, the predominant phreatophytes are willows and
cottonwoods which are dormant during the winter months (within
which most of the precipitation occurs) and, consequently, soil mois-
ture as a source of supply is very small compared to the season-long
use of ground water.

The preceding table, therefore, shows the estimated average annual
evapotranspiration, nearly all of which was obtained from ground-
water sources. The estimate of 7,100 acre-feet per year, or 1.6 feet
per acre per year, amounts to 43,000 acre-feet in the Santa Ynez,
Buellton, and Santa Rita subareas for the 6-year period.

INFLOW
SURFACE FLOW AT SAN LUCAS BRIDGE

As in estimating the discharge of the Santa Ynez River past Robin-
son Bridge, stream-gaging records are available for a station main-
tained at San Lucas Bridge. From these records, the inflow of the
Santa Ynez River is computed as 7,200 acre-feet for the period April
to September 30, 1945; 84,120 in 1945-46; 10,670 in 1946-47; no flow
in 1947-48; 420 in 1948-49; 1,550 in 1949-50; and no flow for the
period October 1, 1950 to April 1951. The total inflow for the period
April 1945 to April 1951 was 53,960 acre-feet.

UNDERFLOW AT SAN LUCAS BRIDGE

Underflow of the Santa Ynez River at San Lucas Bridge was esti-
mated by Thomasson (Upson and Thomasson, 1951, p. 80) as 640
acre-feet per year. No attempt is made to refine this estimate because
water-level measurements in the area are not sufficient to permit a
reappraisal of the ground-water gradient and change in saturated
section. Estimated total underflow for the 6-year period April 1945
to April 1951 was about 3,800 acre-feet.

RECHARGE FROM LOCAL SOURCES

In addition to surface flow and underflow at San Lucas Bridge, a
large quantity of local recharge is contributed by precipitation, sur-
face flow in tributary streams, underflow from adjacent aquifers, and
return of excess irrigation water. The total recharge from all local
sources combined is the quantity required to balance the hydrologic
equation after estimating the total outflow, the total Santa Ynez River
inflow (both surface and underground), and the storage change. In
summary form, the hydrologic equation for the 6-year period from
April 1945 to April 1951 may be computed as follows:
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Hydrologic equation evaluated for the Santa Ynez River valley from San Lucas
Bridge to Robinson Bridge, 194661

Outflow: Acre-feet
Surface flow at Robinson Bridge._.__ . ____________________ 65, 600
Underflow at The Narrows _ _ - _ o oo oo 8, 000
Withdrawals for irrigation_ _ . _____ . ________. 93, 900
Evapotranspiration_ __ .. ___ . . 42, 000

Total - . - e 210, 000

Inflow:

Surface flow at San Lucas Bridge_
Underflow at San Lucas Bridge_
Net depletion in-storage_. .. ___________

Subtotal . e 66, 000
Recharge from local sources,! by difference_._.__________________ 144, 000
Total . - e 210, 000

!Includes precipitation, seepage loss from tributary streams, return irrigation water, and underflow
supplied from adjacent aquifers.

In order to balance the hydrologic equation, it was necessary to
assign 144,000 acre-feet to recharge from local sources as defined above,
and consequently all the errors of estimation are included in this
one item. The average yearly inflow from local sources by difference
between San Lucas Bridge and Robinson Bridge, therefore, was about
24,000 acre-feet.

Upson (Upson and Thomasson, 1951, p. 125) estimated that about
20 percent of the pumped irrigation water returned to the ground-
water reservoir. If this figure is tentatively accepted, pending more
intensive quantitative studies, about 3,000 acre-feet of the average
yearly inflow was derived from the return of excess irrigation water,
and the balance of about 21,000 acre-feet is attributed to precipitation,
tributary streams, underflow from adjacent deposits, and, of course,
to any errors in the estimated elements of inflow and outflow. Never-
theless, assuming the errors to be relatively small, it is significant
that, during the dry period April 1945 to April 1951, local resources
contributed about 70 percent of the total inflow or about 24,000
acre-feet per ycar. Average yearly ground-water withdrawal for irri-
gation was only about 65 percent of the estimated recharge from local
sources, including return irrigation water.

The equations for the subareas in general show the same features
as the overall equation and suggest that a high percentage of the
total inflow originated from local sources. In the Buellton sub-
area the total inflow from local sources computed by difference,
consisting of recharge from precipitation, seepage loss from tributary
streams, return irrigation water, and underflow from adjacent
aquifers, was 54,000 acre-feet or 40 percent of the total inflow. The
estimated combined recharge in the Buellton subarea, attributable
to deep percolation of precipitation, inflow from tributary streams,
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and return irrigation water, was roughly 12,000 acre-feet for the
period 1945-51. Consequently, assuming no errors in the estimated
elements of inflow and outflow, about 42,000 acre-feet of ground water
must have been contributed as underflow from adjacent aquifers.

Table 4 has been prepared to show the method of balancing the
hydrologic equation for the Santa Ynez River basin by subareas for
the period 1945-51.

TaBLE 4.—Hydrologic equation evaluated for the subareas, Santa Ynez River basin,
April 19456~ April 1951

Outflow and inflow for indicated
subareas in acre-feet

Santa Buellton Santa
Ynez Rita
Outilow:
73,000 62, 000 65, 660
5,300 2, 800 8,000
10, 900 51, 500 31, 500
6,600 18, 000 18,000
1. Total outflow . . ..o e 96, 000 134, 000 123,000
Inflow:
Santa Ynez River.. .. ... s 53,960 73,000 62, 000
Underflow. e 3,800 5,300 2,800
Storage Aepletion . ..o 2, 200 1, 800 4,000
2. 8ubtotal. ... 60, 000 80, 000 69, 000
Recharge from local sources by difference (1—2) 1.______...._._.._. 36,000 54,000 54, 000
Total IHOW - - o o oo e 96, 000 134,000 123,000

1 Local sources include precipitation, seepage loss from tributary streams, return irrigation water, and
underflow from adjacent aquifers.

This analysis suggests that rocks in contact with the alluvium, prin-
cipally the Paso Robles formation and the Careaga sand along the
north side of the valley, contributed an average yearly underflow to
the alluvium of about 7,000 acre-feet.

In the Santa Ynez and Santa Rita subareas the total inflows from
local sources were 36,000 and 54,000 acre-feet, respectively, estimated
by difference and consisting of recharge from precipitation, inflow
from tributary streams, return irrigation water, and underflow from
adjacent aquifers. The estimated recharge in the Santa Ynez and
Santa Rita subareas was roughly 24,000 and 13,000 acre-feet, respec-
tively, attributable to precipitation, inflow from tributary streams,
and return irrigation water. Thus, assuming no errors in the esti-
mated elements of inflow and outflow, the results suggest that about
12,000 acre-feet in the Santa Ynez subarea and 41,000 acre-feet in the
Santa Rita subarea were contributed by underflow from the adjacent
areas north and south of the river which are underlain by consolidated
rocks. However, it does not seem possible that average yearly under-
flows of about 2,000 acre-feet in the Santa-Ynez subarea and nearly
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7,000 acre-feet in the Santa Rita subarea could have been supplied
from these consolidated rocks to the younger alluvium.

Although the consolidated rocks may be sufficiently fractured to
store water and to yield it to the valley alluvium in moderate amounts,
it seems more likely that the above figures for underflow from the con-
solidated rocks (which, of course, were computed by difference as a
part of the underflow from the adjacent rocks and deposits) in all
three subareas are high because of errors in the estimated elements
of inflow and outflow. The estimates subject to significant error are
return irrigation water and deep penetration of rain. The above anal-
ysis suggests that these estimates are low, but further detailed studies
would be necessary to refine them and, in turn, to obtain a more accu-
rate estimate of the underflow from adjacent rocks.

SANTA YNEZ UPLAND

As stated previously, the water-bearing deposits in the Santa Ynez
subarea underlie two main areas that are separated by a nearly con-
tinuous westward-trending barrier of impermeable consolidated rocks
(p. 38). The smaller of the two areas, along the Santa Ynez River
between San Lucas Bridge and Mission Bridge, is not in hydraulic
continuity with the larger area to the north, termed the Santa Ynez
upland, which is 150 to 200 feet above the river (Upson and Thomas-
son, 1951, p. 25). Consequently, the upland receives no replenishment
from the river; rather, water percolating beneath the upland flows
southward until it reaches the impermeable barrier, then rises to the
surface in the lower reaches of Alamo Pintado, Zanja Cota, and
Santa Agueda Creeks, and discharges southward across the barrier
into the Santa Ynez River. The upland, therefore, is a hydrologic
unit separate and distinct from the alluvial deposits of the river, un-
less there is some transfer directly through the barrier.

Depletion and replenishment have not been computed for the up-
land because of the paucity of data, but some general conclusions can
be drawn from a comparison of figures 6 and 14. Hydrographs of
wells 6/30-29E1 and 6/31-21H2 (fig. 6) show essentially a complete
recovery of ground-water levels in 1952 in the alluvial deposits con-
tiguous to the Santa Ynez River; whereas the hydrographs of wells
in the Santa Ynez upland (fig. 14) do not. Although water-level
data for the Santa Ynez upland are available only since 1942, they
are sufficient to show that withdrawal for irrigation during the period
1945-51 exceeded replenishment, with little recovery as a result of
the 1952 above-average precipitation. The greatest declines were
observed in about the center of the upland, and the least at the south
end of the upland near the impermeable rock barrier.
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F16URE 14.—Fluctuations of water levels in four wells in the Santa Ynez upland.

The above evaluation suggests an overdraft, at least for the period
1945-52, but whether the long-term perennial yield is being exceeded
cannot be determined until water-level fluctuations can be observed
over the next wet period. If depletion of storage should continue
during the next period of above-average recharge, the perennial yield
of the basin will be shown to have been exceeded. This is a critical
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problem with regard to the maximum development of the water re-
sources of the Santa Ynez River basin as a whole, and its solution
is dependent on the ultimate needs of the upland, the long-term rate
of replenishment to the upland, and the cost of developing supple-
mental water if needed.

A few wells in the upland draw water from the Careaga sand and
the terrace deposits, but most wells are perforated in the Paso Robles
formation. The main source of replenishment is an extensive catch-
ment area north and east of the upland where the Paso Robles forma-
tion and Careaga sand crop out. A large part of the recharge must
be supplied directly by deep infiltration of rain and seepage loss from
streams. Other sources of replenishment may exist, but little is known
regarding them. An intensive study to define the sources of recharge
to this area should be undertaken.

Another potential source of recharge may be Cachuma reservoir,
which, when full or nearly full, will extend northward into tributary
valleys and inundate a part of the Paso Robles formation in the
area east of the Santa Ynez upland. A record of water levels in
wells along the east margin of the upland might possibly reveal an
increase in gradient toward Santa Agueda Creek as the result of
recharge from the reservoir.

LOMPOC SUBAREA

GENERAL HYDROLOGY

The Lompoc subarea, the lowermost reach of the Santa Ynez River
basin, constitutes the area between The Narrows and the Pacific Ocean
and between the Purisima Hills and the Santa Ynez Mountains. The
principal tributary valleys are Cebada and Purisima Canyons on
the north, and San Miguelito, San Pascual, Rodeo, and Lompoc Can-
yons on the south (pl. 8). Unconsolidated deposits underlie the
Lompoc plain and are exposed in the adjacent and extensive low
foothills to the north and in the structural trough between the Pu-
risima and Santa Rita Hills. Consolidated rocks underlie the un-
consolidated deposits at depth beneath the valley area and are exposed
in the Purisima Hills to the north, in the Santa Rita Hills to the
east, in the steep foothills of the Santa Ynez Mountains along the
south side of the Lompoc plain, in The Narrows, and along both sides
of the plain near and at the coast (Upson and Thomasson, 1951, pl. 3).

The unconsolidated water-bearing deposits contain two water bodies,
namely : a shallow water body which is contained in the river-channel
deposits and lenses of permeable material in the upper member of
the younger alluvium, and a deep water body which is contained in
the lower member of the younger alluvium and in the underlying
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unconsolidated deposits comprising the terrace deposits, Orcutt sand,
Paso Robles formation, and Careaga sand.

SHALLOW WATER BODY )

The shallow water body is considered separate from the deep water
body because it is generally unconfined, the water level fluctuates
to a lesser degree than the deep water, and, where comparisons can
be made between the shallow and the deep water, the level in the
shallow water body is usually a foot to several feet higher than
that of the deep water body.

The shallow water body is continuous with the deep water body
in the vicinity of Robinson Bridge, off the mouths of the side canyons
along the southern part of the Lompoc plain from Lompoc Canyon
eastward, and in the small area along the river in secs. 23 and 24,
T.7N., R. 35 W. Elsewhere the shallow water body is more or less
separated from the deep by overlapping lenses of relatively imperme-
able material that greatly retards the interchange of water.

DEEP WATER BODY

The deep water body is contained in the lower member of the
younger alluvium and the underlying formations of unconsolidated
material. The lower member of the younger alluvium, having the
greatest permeability of the water-bearing formations, is termed the
main water-bearing zone. The buried terrace deposits in the southern
third of the plain also are of good permeability, and are termed
the secondary water-bearing zone. The water in the Orcutt, Paso
Robles, and Careaga formations is yielded less readily, and very
few wells tap these formations. However, beneath the Lompoc plain,
the water in these formations is probably interconnected with water
in the main water-bearing zone where the containing formations are
in contact with the lower member of the younger alluvium.

For the most part, the main water-bearing zone is overlain by the
relatively impermeable deposits of the upper member of the younger
alluvium, which forms a confining bed beneath which the water in
the main zone is held under artesian pressure. Only in local areas,
already mentioned, does free interchange occur between the deep and
shallow water.

Water in the main water-bearing zone percolates westward through
the lower member of the younger alluvium, is discharged through
a natural submarine outlet offshore from the mouth of the Santa
Ynez River, and additional discharge takes place artificially by with-
drawals from wells. Water so transmitted through the zone to points
of discharge is believed to be replaced from four principal sources
(Upson and Thomasson, 1951) : from the Santa Ynez River by per-
colation downward through the river-channel deposits; from tribu-
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tary streams by percolation through pervious deposits at the mouths
of the several canyons along the south margin of the Lompoc plain;
from the shallow water body by downward drainage and leakage
across the contact between the upper and lower members of the
younger alluvium; and from contiguous parts of the older alluvial
deposits and Careaga sand by movement of ground water toward
the Lompoc plain, It will be shown in later paragraphs that the
recharge by seepage loss from the Santa Ynez River formed only a
small part of the total replenishment and that the bulk of the re-
charge must have come from local sources, principally from the area
contiguous with the main water-bearing zone.

STORAGE CAPACITY FOR GROUND WATER

The total volume of unconsolidated deposits overlying the Careaga
sand beneath the Lompoc plain was estimated by Upson in a prelimi-
nary report of water storage in 1943, to be slightly more than 2 mil-
lion acre-feet, but the main, secondary, and shallow water-bearing
zones were estimated to contain only about 30 percent of this total.
In a coastal valley the quantity of water available for recovery, how-
ever, is dependent, not on the total volume of water stored in the water-
bearing aquifers, but rather, on the volume of stored water that can
be utilized without causing salt-water intrusion into the basin. The
main water-bearing zone at the western end of the Lompoc plain is
in direct contact with the Pacific Ocean, and because the recorded
hydraulic gradient has remained seaward, the encroachment of salt
water has been prevented. Lowering the piezometric surface below
sea level near the coast would permit a reversal of the hydraulic
gradient and ultimate contamination of the potable supply. With-
out an effective artificial ground-water barrier at or near the coast,
the maximum depth to which the ground-water reservoir beneath the
Lompoc plain can be dewatered is limited by the minimum water-level
altitudes necessary to prevent the landward advance of sea water. In
the seaward segment of the Lompoc plain this minimum water-level
altitude is about 5 feet above sea level, and farther inland the piezo-
metric surface can be drawn down to or even below sea level without
endangering the supply.

To compute the storage capacity of the Lompoc subarea, the area
underlain by water bearing deposits were divided into five storage
units, as shown on figure 15. Units 1, 3, and 4 are composed of the
younger alluvium and river-channel deposit; unit 2 includes elements
of younger alluvium, terrace deposits, Orcutt sand, and Careaga sand
and unit 5 includes terrace deposits, Orcutt sand, Paso Robles forma-
tion, and Careaga sand. In storage units 1 to 4 the upper limit of
ground-water saturation is taken as the highest of record in the spring
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PROFILE, SHOWING DEPTH OF STORAGE UNITS

ESTIMATED GROUND-WATER STORAGE CAPACITY

Base
storage unit Surface Volume of Specific Storage,
Storage abave or - i i
unit below mean area, In dmn’:,‘ ;n yield, in uxﬂ’zg ;n
sea level, acres F
in feet
1 5 2980 58,000 122 7100
2 5 2820 93,000 80 7400
3 o 5060 262,000 122 32,000
4 20 5440 §20,000 184 96,000
5 * 22,660 1,130,000 80 90,000
Yotal 38,900 2,063,000 1.2 230,000

*50 ft below average water level in 1943

Lompoc subarea,
Ficure 15.—Sketch map showing areas, depths, and volume of recoverable water in the

of 1941. The base of the storage units was set at 5 feet above sea level
in units 1 and 2, for reasons previously described, at sea level in unit
3, and at 20 feet below sea level in storage unit 4. For storage unit
5 the depth zone or layer used was the 50-foot interval below the
highest water levels of record in the period 1948-52.

Table 5 and figure 15 also show a tabulation of the surface area,
volume of saturated deposits, estimated specific yield, and estimated
storage capacity for each of the five units. The surface area of each
unit was plotted and measured and multiplied by the average depth
of the storage zone to obtain the total volume of the storage unit.

The specific yield of the storage units was estimated by the same
method used for calculation of the water-storage capacity of the
alluvial deposits along the Santa Ynez River above The Narrows,
following the method used by Eckis (1934) in the south coastal basin.
Briefly, the procedure required an analysis of all well logs within

465541—59——5
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TaBLE 5.— Estimated ground-water storage capacity of the Lompoc subareq.

Base of storage Estimated
unit above (+) | Surface | Volume of | specifie Storage
Storage unit or below (—) area deposits yield capacity

mem}fse%tz)]evel (acres) | (acre-feet) | (percent) |(acre-feet)
ee

T 45| 2,980 58,000 12.2 7,100
2. R +5 2,820 93, 000 8 7,400
S 0 5060 | 262000 12.2( 32000
4 T —20 5, 440 520, 000 8.4 96,000
B eI ® 22,660 | 1,130,000 8 90, 000

b T - 38,900 | 2,063,000 1.2 | 230,000

1 50 feet below average water level in 1948,

each storage unit, using only that part of the log contained in the
respective depth zone. Materials reported in the well logs were
grouped in five broad classes : gravel, sand, fine sand, cemented gravel,
and silt and clay. The specific-yield value assigned to each class in
storage units 1, 8, and 4 was the same one used earlier to calculate the
storage capacity above The Narrows: 25 percent to gravel, 30 percent
to sand, 20 percent to fine sand, 10 percent to cemented gravel, and
5 percent to silt and clay. In storage units 2 and 5, however, lower
specific-yield values were assigned as follows: 20 percent to gravel,
20 percent to sand, 15 percent to fine sand, 5 percent to cemented
gravel, and 1 percent to silt and clay. The total thickness of each
class of material was obtained and reduced to a percentage of the
total thickness of all classes. A specific-yield value was then derived
by obtaining specific-yield values for each class of material in pro-
portion to the relative amounts of the material in the whole volume.

Specific-yield values obtained by this method appeared reasonable
in all units, except units 2 and 5 where the relatively few well logs
available were not necessarily representative. The calculated specific
yield based on 8 well logs was 9.8 percent, but the percentage was
arbitrarily and conservatively reduced to & percent.

Storage units 1, 3, and 4, comprising the major part of the Lompoc
plain, have an estimated ground-water storage capacity of about
185,000 acre-feet. Units 2 and 5 northeast and southwest of the plain
have an estimated storage capacity of about 97,000 acre-feet, the five
units together making an aggregate total of 230,000 acre-feet.

CHANGES IN GROUND-WATER STORAGE

During the 7-year period 1945-52 changes in ground-water storage
occurred beneath the Lompoc plain and beneath the foothill areas
covering some 35 square miles to the north and east and about 5 square
miles to the south and west. The changes that occurred beneath the
plain can be estimated from data on more than 100 wells, whereas
the changes beneath the extensive foothill areas can be approximated
only roughly from meager data on a few wells.
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CHANGES BENEATH THE LOMPOC PLAIN

Ground-water storage changes beneath the Lompoc plain have been
limited essentially to the depletion and replenishment of the shallow
water body contained in the upper member of the younger alluvium
and the river-channel deposits. At no time has the highly productive
main water-bearing zone, contained in the lower member of the
younger alluvium, been dewatered. However, at the conclusion of
the dry period ending in 1951 the pressure head was reduced to the
record low. Of course, there was a loss in storage, but one that was
negligible in comparison to the loss in the shallow water body, be~
cause the coefficient of storage is much smaller in a confined than in
an unconfined water body.

WITHDRAWALS IN RELATION TO REPLENISHMENT

As shown by Theis (1938), water withdrawn from a confined :
water-bearing zone is drawn initially from storage by a compression
and compaction of the water-bearing zone itself, by compaction of
the enclosing fine-grained strata, and also to a slight extent by ex-
pansion of the water itself. If pumping continues a sufficient time,
the cone of depression in the piezometric surface eventually will inter-
cept the area or areas where the aquifer emerges from beneath the
upper confining bed and the water is under water-table conditions.
When this occurs, water will be drawn from the water-table areas,
where measurable storage changes will occur. Essentially no change
in volume will be observed in the confined-water area because the
water-bearing zone, under pressure, remains saturated. Declining
water levels in wells perforated or screened in this zone indicate a
change in head, but only a minor change in volume. Storage changes
in the Lompoc plain are measured, therefore, by observing the depth
to water in both deep and shallow wells in the recharge area at the
eastern end of the plain, and only in shallow wells perforated in the
shallow water body that overlies but is separated to some degree
from the confined water body beneath the western two-thirds of the
plain. All the contour maps showing storage change presented in this
report were constructed on this basis.

The hydrograph of well 7/34-27L1 (fig. 16) shows typical water-
level fluctuations in the recharge area of the Lompoc plain. Between
1930 and 1941 withdrawals of ground water were balanced by an equal
amount of recharge, and ground water in storage remained nearly
constant, except for a small increase in storage during the last few
years of the period. After the unusually wet years 193541, with-
drawals nearly doubled during the dry period 1945-51. As a result,
the water table dropped a maximum of about 20 feet to the lowest
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level on record. Lesser declines during the same period were ob-
served in the shallow water body which overlies the confined water
at the western end of the plain. In the main water-bearing zone the
hydrographs of wells 7/35-26J3 and 7/35-26J4 (pl. 25) show that
the piezometric surface declined about 8 feet between March 1945
and April 1951,

The period 1947-51 was particularly critical in that replenishment
of the ground-water bodies from the Santa Ynez River was incom-
plete. Runoff past Robinson Bridge (pl. 25) was at an all-time low
just when the withdrawal of ground water was at an all-time high.
Had the river been the sole source of recharge, this coupling of diverse
events would have been catastrophic to the Lompoc reservoir; but
such was not the case. Ground-water replenishment from sources
other than the river kept the rate of depletion at about 2,500 acre-feet
per year. The large recharge in 1952 replenished much of the depleted
storage beneath the Lompoc plain.

METHOD OF COMPUTATION

In an area of free ground water, the volume of water involved
in the zone of water-level fluctuations during dewatering or resatura-
tion is a measure of the change of ground water in storage. This
change can be determined by multiplying the total volume of material
in the zone of fluctuation by the specific yield of the material.

Determination of the volume changes of ground water in storage in
the Lompoc plain is a less difficult task than it is above Robinson
Bridge, because the measuring of water levels on the plain has been
more extensive, and consequently, the areal coverage of wells is suffi-
cient to permit drawing water-level contours for any desired dates
since 1931. The change in storage can be computed for any selected
period by superimposing one contour map upon the other. A compari-
son of the two water-level contour maps makes possible the construc-
tion of a “net-change” contour map showing the net change in ground-
water storage for the period under consideration. The total volume
of material that has been either dewatered or saturated is determined
by measuring the areas of the net-change contours. Because the water
that occupied this volume is a relatively small fraction of the total
volume of material, it is necessary to multlply this total volume by a
figure for specific yxeld of the deposits in ‘order to obtain the volume
of water involved in the storage change.

The specific yield was determined approximately from the physical
composition of the material in the zone of water-level fluctuation dur-
ing the period of 1945-52. The method is summarized on pages 29-30
and is discussed in detail in the determination of specific yield for the
alluvial deposits upstream from Robinson Bridge. This method esti-
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mates the proportions of the different classes of material in an area,
as revealed by well logs, and assigns a specific-yield value to each of
five classes. The proportions of the various classes of material were
determined for 10-foot intervals or layers in the zone of water-level
change. To insure complete coverage of the zone of fluctuation, the
5-foot layer above the high water level and the 5-foot layer below the
low water level also were included in the study.

In the unconfined area, or area of recharge, which covers about 5,000
acres, the weighted specific yield for the full zone of water-level fluc-
tuation is 14.1 percent. The highest specific yield occurs in the layer
20 to 30 feet below the uppermost limit of saturation wherein the
largest quantity of gravel is found ; the specific yield for this layer is
17 percent.

In the confined area, in which there is an abundance of clay and siit
and which underlies approximately two-thirds of the Lompoc plain
or about 10,000 acres, the average weighted specific yield for the zone
of water-level fluctuation is 11.5 percent. The highest specific yield
occurs in the layer 10 to 20 feet below the uppermost limit of saturation
wherein there is a large quantity of gravel and a small quantity of clay.
The specific yield for this layer is 13.2 percent.

The average weighted specific yield, based on the areal extent of the
two areas, is 12.4 percent.

‘WATER-LEVEL CONTOURS

The Geological Survey began to measure wells in the Lompoc sub-
area in January 1941. Prior to that time and extending back to 1930
the city of Santa Barbara measured wells in this area in connection
with the so-called Gin Chow water suit. The Geological Survey se-
lected observation wells for the dual purpose of obtaining adequate
areal control and of maintaining records on wells for which water-
level measurements would be representative of the water levels in that
area and in the zones tapped. Also, shallow wells were drilled, many
of them close to deep wells, to provide water-level data on the shallow
water body for comparison with levels in wells tapping the deep water
body in studies of the relation between the shallow and deep water
bodies.

In 1945, the beginning of the drought period, the discharge of
ground water began to exceed the recharge and water levels began to
decline. The resulting decrease in storage continued through the fall
of 1951, but was followed by a wet year in which the trend was re-
versed, recharge exceeded discharge, and water levels rose to stages
nearly as high as those in the last wet year of 1944.

Contour maps were constructed for March 1945, the first year of
the drought period, and for April-May 1951, the last year of the con-
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tinuous drought period. The water levels plotted on these maps were
based on measurements by the Geological Survey and include measure-
ments of wells tapping the main water-bearing zone in the unconfined
area of the eastern and southeastern portions of the Lompoc plain, and
of wells tapping the shallow water body in the confined area of the
central, western, and northern portions of the plain.

The water-table contours on plate 7 show the configuration of the
water table for March 1945, near the spring high level. East of the
river, and for a short distance downstream from Robinson Bridge, the
water-table slope was gentle and generally parallel to the river; but
farther downstream, near H Street Bridge, there was a slope from the
north, toward the river. West of the river the slope was much steeper,
at least for the first 3,000 feet downstream from Robinson Bridge, and
everywhere away from the river. The map indicates recharge from
The Narrows and vicinity, from the northeast, east, and from the
southeast. The altitude of the water table was everywhere above mean
sea level, and the direction of the subsurface flow in general was paral-
lel to the river and toward the coast.

During April-May 1951 water levels were considerably depressed
as a result of below-normal precipitation and increased withdrawals.
The water-table contours for this period on plate 7 show that east of
the river the water-table slope was parallel to the river for a much
shorter distance than in March 1945. Heavy withdrawals from the
eastern end of the plain, with little or no surface flow in the river,
steepened the ground-water gradients to the east and northeast, indi-
cating increased recharge by subsurface inflow from these areas. Re-
charge was indicated from the southeast also. West of the river the
slope of the water table was everywhere away from the river, but
the gradient was somewhat gentler than that in 1945. The contours
suggest also some recharge along the south side of the plain. The
principal direction of subsurface flow was generally westward be-
neath the plain, and water levels were lower—the greatest declines
being at the eastern end or recharge area of the plain.

Pumping during the irrigation season in 1951 lowered the water
table to the lowest of record, as shown by the contours on plate 7 for
October-November 1951. Gradients were steepened, but the same gen-
eral features shown by the contour map of April-May 1951 were still
in evidence. Even during this period of record-low levels, the con-
tours show that ground water was moving westward toward the coast.

From a comparison of the water-table contours, net-change contours
were prepared for the periods March 1945 to April-May 1951 and
April-May 1951 to October—November 1951, and these are shown on
plate 7. To determine the total volume of material dewatered between
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April 1945 and October-November 1951, the areas of the net-change
contours were measured and added.

DEPLETION, 1945-51

The total volume of material dewatered during the period March
1945 to April-May 1951, based on the net-change map (pl. 7), was
about 127,000 acre-feet. By applying the average specific-yield value
of 12.4 percent, previously determined, to the total volume, the esti-
mated ground-water storage depletion was about 15,700 acre-feet.
The net-change map shows that the greatest decrease in storage was
in the recharge area of the plain just below Robinson Bridge where
a craterlike depression in the water table was formed as a result of
heavy withdrawals during a period in which there was little or no
flow in the river. Water levels in wells near the center of this crater
were more than 20 feet lower than they were in 1945. Depletion
throughout the remainder of the plain was not as critical as in the
recharge area. In the area of confined water, including most of the
western two-thirds of the plain, maximum water-level declines in the
shallow water body for this period were between 5 and 10 feet.

The contours of water-level change on plate 7 show that water levels
were lowered an additional 6 feet immediately west of Robinson
Bridge during the period April-May to October-November 1951.
Thus, the lowest levels on record were observed in the fall of 1951
just prior to the heavy winter rains of January 1952. The volume of
deposits dewatered from spring to fall 1951 was about 18,500 acre-
feet which, times the specific yield of 12.4 percent, indicates an esti-
mated depletion of 2,300 acre-feet. Thus, the estimated total de-
pletion from spring 1945 to fall 1951 was 18,000 acre-feet.

REPLENISHMENT, 1951-52

Recoveries of water levels beneath the Lompoc plain during the
early months of 1952 were not complete, as shown by a comparison of
the contours of March 1945 with those for March-April 1952 (pl. 7).
The above-average precipitation throughout the watershed produced
a runoft at Robinson Bridge of 229,230 acre-feet during the months of
January, February, and March. Much of this runoff passed overland
and wasted to the sea, as evidenced by the fact that 265,260 acre-feet
passed the gaging station at Surf. Nevertheless, considerable quanti-
ties percolated underground to recharge the ground-water reservoir.

The contours of water-level change for the period October-
November 1951 to March~April 1952 (pl. 7) shows that the craterlike
depression in the water table, which had formed just downstream from
and west of Robinson Bridge, was almost eliminated during the winter
storms of 1952. Locally water levels rose almost to the highest stages
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on record, but, for the most part, they were lower than those in 1944
and 1945. As computed from the storage change and a specific yield
of 12.4 percent, a total of nearly 11,000 acre-feet percolated to storage.

EVALUATION OF STORAGE CHANGES

As in the river reach from San Lucas Bridge to Robinson Bridge,
the storage changes computed for the Lompoc plain are accurate only
to the extent to which the estimates of the volume change of water-
bearing material and of the specific yield are accurate. For the Lom-
poc plain, the volume change in the saturated materials is based on the
contouring of the water levels in about 75 wells so that the estimates
derived should be reliable. Unfortunately, the determination of spe-
cific yield, of necessity, had to be by an indirect method.

The specific-yield estimate ordinarily can be refined by laboratory
analyses of core samples, or by an aquifer test in which one well is
pumped and the drawdown is observed in one or more observation
wells. In the Lompoc subarea, refinement of specific yield values
would not be warranted until better estimates of deep percolation
from rainfall, return irrigation water, and evapotranspiration are ob-
tained. As for aquifer tests, the few run on the plain to date show
that artesian or semiartesian conditions prevail nearly everywhere
throughout the plain. However, specific yield can be obtained only
from a test performed under water-table, not artisan, conditions.

For the present, the estimates of ground-water storage changes in
the shallow water body are considered the best approximations possi-
ble, and they are believed to be of the correct order of magnitude.
Table 6 summarizes the storage changes during the period 1945-52.

Table 6 shows that the estimated depletion in storage from March
1945 to October-November 1951 was 18,000 acre-feet and that the re-
plenishment from October-November 1951 to March-April 1952 was

TABLE 6.—Estimated net changes of ground water in storage beneath the Lompoc
plain, 1945-52

Volume of | Average
Period material specific Storage
(acre-feet) yield (acre-feet)
(percent)
Depletion (saturated):
Spring 1945 to spring 1951 crecamaae 127, 600 12.4 15, 700
Spring 1951 to fall 1951 e caccmmcmaeaee 18, 500 12.4 2,300
1, Total... 145, 500 12. 4 18, 000
Replenishment (saturated):
2. Fall 1951 to spring 1952 oo - 87, 400 12.4 10, 800
Net loss (spring 1945-52): .
By difference (1~2) - . oo 58,100 12.4 7,200
Net change determined by comparison of water-level contour
MADS (DIS. 26, 31) - oo oo 56, 800 12.4 7,000
Difference in methods. - . e ool - - - —200
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10,800 acre-feet, which indicates a net depletion for the period of
7,200 acre-feet. By spanning the entire period and comparing the
contours for March 1945 with March-April 1952, the estimated net de-
pletion was 7,000 acre-feet. As indicated, the error between the two
methods is only 200 acre-feet, which is only 1 percent of the total de-
pletion. Because the methods used were the same, the minor differ-
ence must be due to interpretation of the contours and compilation of
net-change maps. Accordingly, the estimated net depletion for the
period is considered to be about 7,000 acre-feet.

GROUND-WATER GRADIENTS

In order to provide data on the sources of recharge, the slope of
ground-water gradients, the magnitude of water-level fluctuations,
and the relation between ground-water levels and streamflow, six sec-
tions showing water-level profiles were constructed and are shown on
plate 8. Four cross the Lompoc plain at right angles to the river, one
extends through the length of the plain approximately parallel to the
river, and one extends northeastward from the plain into the Purisima
Hills area. All the profiles are based on measurements in wells per-
forated in the shallow water body or in the unconfined part of the
main water-bearing zone, and they have been drawn and lettered to
correspond with the geologic sections constructed by Upson (Upson
and Thomsson, 1951, pl. 5), with one exception—section A-X’,
which is an original section prepared for this report. The positions
of the sections are shown on plate 1 and also in the schematic dia-
gram in the left-hand corner of plate 8.

The water-level profiles on section E~F-E’ on plate 8 show the
highest and lowest water levels for the period 1945-52. The profiles
show that in 1945 the water level at the western end of the plain was
between 6 and 16 feet below land surface, the greater depth being to
the east. The coastward hydraulic gradient at this time was about
5 feet per mile, and the water levels in some wells were essentially
the same as in 1941 (the highest on record) and in others a little below
(2to 6 feet).

By fall 1951 water levels in the central part of the plain had dropped
between 8 and 12 feet below the levels of 1945, and at the eastern end
of the plain the maximum decline was about 20 feet. Between wells
7/35-23J3 and 22M2 the seaward gradient was 8 feet per mile.

The sections show graphically the range of water-level fluctuations
during the period 1945-52, but they are even more important in demon-
strating the existence of sources of recharge other than the river.
Sections A-A" and F—F" both traverse the recharge area of the plain
near Robinson Bridge at right angles to the river. The profiles show
that a ground-water mound was established in the vicinity of the river
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during flood stages, such as occurred in the springs of 1945 and 1952.
The ground-water mound is superimposed on a regional gradient that
in general slopes from east to west. Hence, even during periods when
seepage loss occurs from the Santa Ynez River, recharge still is com-
ing from the east and northeast, as indicated by the overall gradient.
Even more conclusive of the concept of recharge from the northeast
is the slope of the water table during periods when there is no flow
in the river. Ground-water gradients for April 1951 and November
1951, as shown on sections #-F#’ and K-K’, are predominantly from
the area east and northeast of the river.

In the confined-water area of the plain, profiles of the shallow
water body on sections /-7’ and /-’ (pl. 8), show that the river has
been losing or gaining, depending on the ground-water level in the
shallow water body. The profiles on section H-H’, for instance, show
that in 1945 and 1952 the water table sloped gently from the south
to the river, and, because the water table was higher than the stream,
water percolated from the shallow water body into the stream. Dur-
ing flood stages, it may be presumed that the river has contributed
some water to bank storage, but, as the river stage has receded, the
shallow water body has returned water to the stream channel. Dur-
ing prolonged droughts, when the water level in the shallow body was
lower than stream-bed elevation, such as in the spring and fall of
1951, water was not contributed to the river. Changes in storage dur-
ing such a period are the result of use by phreatophytes, minor pump-
ing for domestic purposes, and downward leakage to the main water-
bearing zone.

The profiles for 1945 and 1952 on®section /-/” also show a com-
ponent of slope from the south toward the river, although recharge
from the river is more apparent than in section H-H’. This relative-
ly large response to river recharge is possibly due to the fact that sec-
tion /-I’, near its northern limit, extends across a recharge area as
outlined by Upson and Thomasson (1951, pl. 3). In this area, the
shallow water body is in fairly good hydraulic continuity with the
underlying main water-bearing zone.

In summation, the large precipitation in the winter of 1952 caused
water levels to rise everywhere throughout the plain. In the down-
stream part of the plain, the principal recharge to the shallow water
body occurred from the south, and the river apparently had little re-
charging effect. The average rise in water level was about 7 feet.
Coincident with the increase in storage in the shallow water body,
water levels in the confined water body also rose. This rise in the
deep water body, however, is an indication of an increase in head,
and not an increase in storage.
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In the recharge area, the river contributed large quantities of water
to storage by building up a ground-water mound in the vicinity of the
river. Although water from the recharge mound traveled in both
directions away from the river, recharge from the northeast also was
apparent.

CHANGES BENEATH THE LOMPOC UPLAND

The area north and east of the Lompoc plain is here termed the
Lompoc upland. It is bounded on the north and southeast by the
consolidated rocks in the Purisima and Santa Rita Hills, respectively,
and on the east by the surface divide between Santa Rita Valley and
the lower course of the Santa Ynez River, although hydrologically
the area may extend into and include most of the Santa Rita Valley
(Upson and Thomasson, 1951, p. 115-116 and pl. 7). The area as
defined covers about 35 square miles (fig. 15) and is underlain by
water-bearing deposits comprised of the Orcutt sand, Paso Robles
formation, and Careaga sand. Although the deposits are tapped by
only a few domestic and stock wells, the large ground-water storage
capacity of the deposits is critical to the supply beneath the Lompoc
plain because they are in contact with and underlie a large part of
the main water-bearing zone.

The deposits generally are of low permeability, but they serve as
a large catchment area of precipitation. Any rainfall that penetrates
to ground water is transmitted slowly as subsurface flow to the water
bodies underlying the Lompoc plain. In order to determine the
quantity of water from these sources, information must be available
as to the average permeability of the deposits, slope of the hydraulic
gradient, and the cross-sectiomal area through which the underflow
passes. From this information, the quantity of subsurface water in-
flow could be estimated mathematically by the equation @Q=P7A.

Because there are few wells in the outcrop areas, hydraulic gra-
dients, permeability, and cross-sectional areas are crude estimates at
best. Upson (Upson and Thomasson, 1951, p. 153-155) evaluated
this equation, using the meager data available at the time, and ob-
tained an estimate of 2,500 acre-feet per year as the contribution
from these older deposits. It must be noted, however, that this esti-
mate is based almost wholly on data collected during a wet period.
Lowering of the water level in the main water-bearing zone of the
Lompoc plain during the dry period 1945-51, however, steepened the
hydraulic gradients out of these older deposits and, thereby, increased
their contribution to the plain. In an effort to evaluate this con-
tribution, the Geological Survey arranged for the drilling of test
wells in the Lompoc upland.
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DATA FROM TEST WELLS

In 1948 at the request of the Geological Survey, the County of
Santa Barbara contracted for the drilling of three wells in the
Lompoc upland. Well 7/34-12E1 was drilled in Purisima Canyon,
and wells 7/34-9H3 and 21E1 were drilled in Davis Canyon, 1 and
2 miles west of Purisima Canyon (pl. 1). The wells were drilled
to obtain information on the gradient of the water table and the
character of the materials to estimate the quantity of recharge con-
tributed from this area, and to observe changes in ground-water
storage.

Well 7/34-9H3, a cable-tool well, was completed on March 29,
1948, when the hole reached a depth of 105 feet and the casing was
bottomed at 103 feet below land surface. On March 30 the well was
bailed continuously, and then a mixture of fine gravel and coarse sand
was placed in the 2 feet of open hole below the casing. Coarse crushed
gravel was placed on top of the finer materials and extended up the
casing to about 87 feet below the land surface. The casing is of 8-
inch (inside diameter), double-stovepipe, 12-gage steel, welded water-
tight to a depth of about 36 feet below the land surface. The re-
mainder of the 8-inch casing is unwelded with an open hole at
the bottom. One 12-foot-4-inch length of conductor pipe, 10 inches
in diameter, was driven to clay outside the 8-inch casing in an attempt
to seal off the perched water.

On the first day of drilling, March 23, the driller reported that
shallow water was tapped at 10 to 12 feet below the land surface.
Later the drill penetrated “dry” material at about 25 feet below
land surface, and then reached a water-bearing sand at 38 feet. On
the morning of March 27, before drilling operations began, the water
level was 8.18 feet below the land surface; but later in the day,
and during drilling operations at depths between 80 and 86 feet, the
water level was within 4 or 5 feet of the land surface. Before re-
suming drilling operations on the morning of March 29, the water

Log of well 7/34~9H3
[Unberfombed 8-inch casing to 103 feet; open hole 103-105 feet. Geologic classification by R. E, Evenson}

Thickness | Depth Thickness | Depth
(feet) (feet) (feet) (feet)
Younger alluvium: Orcutt sand—Continued
Clay, black __...____._.._ 30 30 Sand, white; some blue
Orcutt sand: (1, 6 €3
Sand, white__._..___._.._ 6 36 || Paso Robles formation:
Clay, sticky, light-eolored . 2 38 Clay, green-gray..-.-.-.- 5 73
Sand, white.. ... _.___ 16 54 Clay, solid, blue.__..__.._ G el
Sand, white; sowce clay. .. 5 59 Clay, sandy, blue._._._.__ 4 83
Clay, white and blue; some Clay, sandy, brown._._.. 6 w0
sand.. ..o i.i.oo 3 62 Clay, sandy, yellow..._.. 4 53
Sand; some clay.......... 12 165
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level measured 7.92 feet below the land surface, and on March 30
the level was 12.87 feet below the land surface; then the well was
bailed. The following morning, March 31, after overnight recovery,
the water level was 10 feet below land surface. The well log shows the
materials penetrated.

The fluctuation in water level during drilling indicates that several
different lenses of shallow water were tapped. The well apparently
is bottomed in the Paso Robles formation and not in the Careaga
sand as was intended. The water level in the well may be a com-
promise level between the water level in the Paso Robles and the
water level or levels in one or more shallow perched zones.

Perched water zones occur where water, seeping downward, is
stopped by an impervious layer of clay or shale and is supported by
this layer above 4nd independent of the free water table. The mag-
nitude or areal extent of this perched water zone is unknown, but
there are several springs located in this canyon and in Purisima
Canyon that probably represent the discharge of perched water.
The total dicharge has averaged 3 to 4 gallons per minute for the
past several years. The contribution, if any, of subsurface water
to the Lompoc plain from the springs, or perched water zone, is
unknown.

‘Well 7/84-12E1 is northeast of Lompoc in the east fork of Purisima
Canyon about two-thirds of a mile northward from the Union Oil
Co.’s dehydration plant and about 100 feet west of the road at the
left edge of an open field. Drilling of the well by a cable-tool rig
commenced on April 6, 1948, and ceased on April 16 when 240 feet
of casing had been placed in an open hole 278 feet deep. No water
was found at any time during this drilling.

On June 12 drilling operations were resumed by the rotary method
and continued until the hole was deepened from 278 feet to 385 feet
below land surface. The hole was then reamed with a 754-inch
bit, the largest bit that would pass through the existing 8-inch casing.
A string of electrically welded 6-inch casing, 168 feet long, with
the bottom 40 feet perforated with 60-mesh slots, then was lowered
into the hole, but the lower end of the 6-inch casing would only pass
20 or 30 feet below the bottom of the existing 8-inch casing. The
difficulty was attributed to the fact that the 240 feet of 8-inch casing
was not plumb. To remove the 6-inch casing, it was necessary to
cut it into lengths as it was removed. After underreaming the hole
with a 1214-inch underreamer, the 6-inch casing was again placed
in the hole and bottomed at 384 feet without further difficulty. After
circulating clear water, in the well for 2 hours and bailing the well
#8r 7 hours, about 7 feet of gravel was poured into.the bottom of the
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6-inch casing. The well log below shows the character of the materials
penetrated.
Log of well 7/34~-12E1

Unperforated 8-inch casing to 278 feet; 6-inch casing 278-384 feet, perforated 344-384 feet; open end at bottom.
Well driiled to 278 feet by cable-tool equipment, and from 278 to 385 feet by rotary eqmpment Geologic

classification by R. E. Evenson]

Thickness | Depth Thickness | Depth
(feet) (feet) (feet) (feet)
Younger alluvium: Careaga sand—Continued
Sand, bard, dark_.__.____ 30 30 Clay-shale, hard, gray;
Paso Robles frrmatio: occasional pebi)les of
Clay, yellow, solid_._.__.. 3 33 shales; similar to the
Clay, yellow-green; some Monterey _______________ 4 1274
____________________ 4 37 Quartz sand; white, fine-
Sand yellow, mediom.... 1 38 to medium-grained; oc-
Clay, yell 'w, solid__._.... [ 44 casional strata of gray
Clay, yellow, and sand shale; sand packed har:
(alfernating)._....._.__. 8 52 below 295 feet __._.____. 56 330
Sand, yellow (medium, Clay- shale, light-blue-
free) o ecaaeee- 18 70 BIAY e eommm oo 5 335
%alnd whxte.a“..a]..,.&. 5 75 Sea shellls withf some
ay, sandy ar minor layers of giay
acked) __.ooo_ooooo- 5 80 shale_ . ___.______....__ 5 340
Sand white, packed..._ - 10 90 Quartz sand light-giay-
Sand, yellow, heaving____ 8 98 whlte, fine- to medium-
Sand, white_____._._____. 5 103 grained.__.._._._.____._ 10 340
Sand, yellow, heaving_. .. 2 105 Clay-shale, light-gray;
Sand, white, free__ 12 117 some shells.______.____. 5 355
Sand, yellow, free_ 6 123 Quartz sand ligut-gray-
Sand, white, free._. 57 180 white, medium-grained. 10 365
Sand white; some yellow Quartz 'sand gray-white,
clay .................... 35 215 fine- to medium -gra.meé. 10 375
Sand wblte some yellow- Shale gray; shells with
clay___.______.._. [ 221 some intercolated white
Clay, light-blue, veey| | Wt san@.oo o . 5 380
andy - 24 245 Sand white, fine- to
Sand, yellow, free - 7 252 med1um~gramed some
Clay, blue, solid- - 6 258 interbedded gray shale
Careaga sand: and shells.._..___._..__ 5 385
Sand, white, free. ... 20 278

S}Bettween the end of the cable tool drilling and the start of the rotary drilling the hole was filled in to
eet.

The static level measured a week after the well was completed was
301 feet below the land surface. For the period of published record,
from 1949 through 1952, the highest daily water level was 301.70 feet
below land-surface datum, June 25, 1949, and the lowest daily water
level was 303.83 feet, measured December 21, 1952.

Well 7/34-21E1 is north of Lompoc, about 1 mile northwest of H
Street Bridge in Davis Canyon at the north edge of an open field.
Cable-tool dnllmg operations commenced on October 30, 1948, and
were completed on November 8. The well was drilled to a total depth
of 150 feet, cased with 8-inch 12-gage steel unwelded stovepipe casing
to about 149 feet, cemented back to 145 feet, and perforated from 73
to 98 feet. A 10-inch conductor casing was put down outside the
8-inch casing to seal off any shallow water in the first 50 feet below
land surface.

When the drill had reached a depth of 40 feet, the water level in
the morning, hef@rg drilling resumed,, was about 89 feet below the

land suxface;oat a-depth of 10 fret, it was.28 feat.below,land surfage;
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and at depths from 95 to 150 feet, it consistently stood about 20 feet
below the land surface. For the period of published record from
1948 to 1952, the highest daily water level was 17.97 feet below land-
surface datum on April 1, 1949, and the lowest daily water level was
25.02 feet below land-surface datum on August 10, 1951.

Log of well 7/34-21E1
[8-inch casing to 49 feet; perforated 73-93 feet; cegxent plYg 145-150 feet. Geologic classification by R, E.
nsomn,

Thickness | Depth Thickness | Depth
(feet) (feet) (feet) (feet)
Younger alluvium: Orcutt sand:

Qobe. el 15 15 Clay, solid, blue_.....__. 8 75
Clay, solid, yellow. 10 25 Gravel. ... 5 80
QGravel dry ........ 4 29 Sand, blue and gravel..... 15 95
Clay, solid, yellow. 5 43 || Careaga sand:

Graveland clay....._.._. 7 41 Sand, white. oo 29 124
Gravel, water-bearing. .. 26 67 Sand, black some black 1 "
.................... 1

Sand white. ..oococeaeo. 9 150

DATA FROM EXISTING WELLS

In addition to the three test wells drilled by the Geological Survey,
well 7/34-14F1, an abandoned irrigation well in Purisima Canyon,
also was available for water-level measurements.

Log of well 7/34—14F1
[Geologie classification by R. E, Evenson]

Thickness | Depth Thickness | Depth
(feet) (fect) (feet) (feet)
Younger alluvium and Paso Robles formation—
Orcutt sand: Continued
Topsoil ... 76 76 Sand, white_ ... 34 190
Paso Robles formation: Clay, blue (watel)........ 20 210
Clay, yellow__.__...._..__ 20 96 || Careaga sand:
Clay, light-yellow. . 14 110 137101 P, 40 250
Qravel, Ary.ccoeeooaooo. 46 156

This well and well 7/84-12E1 are shown on section Z-L’ (pl. 8).
The section shows that both wells are bottomed in the Careaga sand,
and the water-level profile for 1951 shows that the hydraulic gradient
was about 10 feet per mile toward the Lompoc plain. This checks
the hydraulic gradient that was assumed by Upson and Thomasson
(1951, p. 154) and confirms, in addition to sections K-K’ and F-F’,
that ground water moves from the outcrop areas of the Orcutt sand,
Paso Robles formation, and Careaga sand toward the Lompoc plain.
Because water is contained in the older deposits and because the
hydraulic gradient is favorable, pumping on the Lompoc plain in-
duces water to move out of the older deposits principally into the
main water-bearing zone beneath the piain. Any increase in pumping
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steepens the gradient and, thus, induces increased movement of water
from the older deposits. How long this draft could be sustained is
dependent principally on the volume of water in storage in the older
deposits and the rate of replenishment to them.

DEPLETION, 1948-52

Because essentially all the pumpage in the Lompoc subarea is re-
stricted to wells tapping deposits beneath the Lompoc plain, there
are few wells in the Lompoc upland other than those previously dis-
cussed, and not all are accessible for measurement. As a result of
the scarcity of observation wells it is difficult to estimate net water-
level changes in the upland area. Water-level measurements in wells
7/34-12E1, 14F1, 21E1, and 9H3, however, suggest that the water
table declined on the average about 1.3 feet per year in the period
1948-52. Assuming the total area of the upland to be 22,600 acres
(storage unit 5, fig. 15) and the specific yield to be 8 percent, the total
net change in ground-water storage amounted to a decrease of about
2,400 acre-feet per year for the period 1948-52.

CHANGES BENEATH THE AREA NEAR LOMPOC CANYON

South and west of the Lompoc plain, in an area that lies between
Lompoc and Rodeo Canyons, the Orcutt sand and Careaga sand crop
out to provide a catchment area of a little less than 5 square miles
(storage unit 2, fig. 15). Water-level information in this area is very
meager, owing to the scarcity of observation wells, just as it is in the
Lompoc upland. A few wells along the northern edge of the area,
however, have been available for water-level measurements since
1948. These measurements suggest a water-level decline of 1.2 feet
per year in the period 1948-51. Assuming that this water-level change
is representative of the area, the net change in ground-water storage,
based on an area of 2,820 acres and a specific yield of 8 percent (fig.
15), amounts to about 300 acre-feet per year in the period 1948-51.

EVALUATION OF STORAGE CHANGES OUTSIDE THE LOMPOC PLAIN

Water level and geologic data for the period 1935-44 show that the
areas underlain by unconsolidated deposits on both sides of the plain
comprise about 20 square miles; but later information, particularly
the discovery of noticeable ground-water gradients out of the Santa
Rita Hills, has nearly doubled the area to be considered. As indi-
cated in the two previous sections, the Lompoc upland now measures
about 35 square miles and the area near Lompoc Canyon totals about
5 square miles. Ground-water storage changes in these areas are in-
dicative of the contribution from the older water-bearing deposits to
the main water-bearing zone of the Lompoc plain.

465541 —59——6
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Although Upson (Upson and Thomasson, 1951, p. 161-162) had
little information as to the character of water-level fluctuation, he
discussed the possible rates of replenishment to and transfer from
the Orcutt, Paso Robles, and Careaga outcrop areas in general terms.
In review he reasoned thusly:

* *% * let it be assumed that all the rain that percolates below the influence of
vegetation outside the Lompoc plain on the outcrop areas of the Orcutt, Paso
Robles, and Careaga formations, and within the area of favorable hydraulic
gradient, is able to reach the deep-water body. The area of outcrop (see pl. 3)
on both sides of the valley is roughly 20 square miles, or about 19.28 inches for
the years 1935-44, but probably only a small part of it has penetrated to the
deep-water body. Blaney (1930, p. 54) has shown that the consumptive use of
water by native brush has been at least 1.5 acre-feet per acre per year in five
areas in southern California.

Thus, any excess of rainfall over 1.5 feet, or 18 inches, is considered available
for runoff and for deep percolation. Subtracting 18 inches from the seasonal
rainfall at Lompoc gives an excess of 246, 7.40, 2.69, and 0.47 inches in the
years 1937, 1938, 1941, and 1942, respectively. In other years the rainfall was
less than 18 inches. These excesses average 3.3 inches per year for the 10-
year period, or 3,600 acre-feet a year on the whole area. Part of this amount
probably runs off, and the deep infiltration may have averaged somewhat less.
If it amounts to 3,000 acre-feet, the recharge to the deep-water body  is little
more than the amount computed to pass from the underlying deposits to the
main water-bearing zone (p. 139). If the computed amount is much too small,
a real deficiency may exist. Further, because the 10-year period here considered
includes the year of greatest recorded rainfall, the long-term average may be
appreciably less.

If a deficiency exists, it would be represented by unwatering in the outcrop
areas of these older formations. Taking the total areas as 13,000 acres and
the specific yield as 14 percent (the value for the younger alluvium, p. 133,
which may be high for the older formations), a deficiency of replenishment in
the outerop areas amounting to 1,000 acre-feet in a year would cause a decline
of water level on the order of 0.6 foot average over the entire area. * * *

In the period 1948-51, the net storage change previously computed
for the outcrop areas amounted to a decrease of about 2,700 acre-feet
per year. Following the analysis of Upson, the 2,700 acre-feet a
year decrease in storage represents a deficiency of replenishment in
the outcrop areas of the older formations. From a later analysis
(p. 85), estimated replenishment to the outcrop areas amounted to
900 acre-feet per year, therefore, the total contribution from the older
deposits to the plain is estimated to be about 3,600 acre-feet per year
during the period 1947-51. However, this approach is oversimplified
and the water-level change in the wells used to compute storage changes
does not truly represent the average water-level change throughout
the 35 square miles of the catchment area.

More wells and geologic information.in the cutcrop area would be
required to provide a more accurate answer to the,quegtion;:How
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much water is contributed to the plain from the older deposits?”; but, |
from the data now on hand, some general conclusions can be drawn.
There is no question that ground water percolates from the older
deposits to the plain. The southward hydraulic gradients on section
L—L’ (pl. 8) definitely show this movement; and the declining stor-
age, shown by the hydrographs of wells 7/34-9H3, 12E1, and 14F1 J
on figure 17 indicates depletion in the area for the period of record,
and well 7/34-21E1, near the river, shows the depletion through 1951.
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Furthermore, (p. 88), heavy withdrawals on the Lompoc plain pro-
duced relatively little change in storage beneath the plain during the
most severe drought on record (p. 63). Because precipitation and
streamflow were negligible during the period, replenishment must
have come from some source other than the river. The only logical
source is the ground-water storage in the Orcutt sand, Paso Robles
formation, and Careaga sand, which crop out in the Lompoc upland,
and in the Orcutt sand and Careaga sand, which crop out south of

the plain.
HYDROLOGIC EQUATION

The principal purpose of this ground-water study was to determine
the sources and quantity of ground-water recharge to and discharge
from the Santa Ynez River basin, and the study consisted of balancing
the ground-water gains against the losses, plus or minus storage
change, and determining whether the area was overdeveloped or
whether additional development was possible.

In 1951 Upson (Upson and Thomasson, 1951) completed a study of
the ground-water inflow-outflow equation for the Lompoc plain, for
the 10-year period 1985-44. That period was essentially a wet period,
and any estimate of perennial yield should include at least one com-
plete cycle consisting of a wet period and a dry period. Upson (Upson
and Thomasson, 1951, p. 8) did infer, however, that the perennial yield
was at least 10,000 acre-feet for the period in question, because an
average yearly withdrawal of this amount failed to produce any de-
cline in storage. Beginning in 1945 a major drought caused a rela-
tively small depletion of storage and made available additional data
for use in revising the rough estimate of perennial yield of 10,000 acre-
feet. The revised estimate still is only approximate because a complete
cycle of wet and dry years is lacking. In addition, several elements
of discharge and recharge cannot be properly evaluated.

Because the elements of recharge can be estimated more accurately
during a dry period than during a wet period, the hydrologic equation
for the Lompoc subarea has been evaluated for the 4-year period April
1947 to April 1951. From this equation it is possible to make estimates
of two critical quantities: the relative magnitude of the ground-water
contribution from the Orcutt sand, Paso Robles formation, and
Careaga sand, and the amount of water that can be withdrawn from
the basin during any similar period without exceeding the available
supply.

The inflow and outflow elements in the hydrologic equation are
grouped so that the equation is solved for the Lompoc subarea, and
the supply in the Lompoc upland and in the area near Lompoc Can-
yon adjacent to the plain is considered as a part of that of the basin.
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Accordingly the hydrologic equation for the Lompoc subarea is as
follows:

Inflow Outflow

Santa Ynez River by underflow Shallow water body to the river
+ +
Santa Ynez River by seepage loss Evaporation and transpiration
+ +
Runoff from tributary streams Main water-bearing zone to the sea
~+ +
Infiltration of rainfall on the plain Pumpage, all uses
+ + or —
Return of excess irrigation water Net change in storage beneath the
+ Lompoc plain and teneath foot-
Underground transfer from Orcutt sand, Paso hill area surrounding the Lompoe

Robles formation, and Careaga sand plain

Most of the inflow and outflow items of the hydrologic equation have
been estimated in the same manner as those in Water-Supply Paper
1107, because the available data and the lack of progress in the de-
velopment of new techniques do not permit refinement of the methods
used. Substantial modifications in certain elements of the equation,

_however, have been made in review of the reduction in recharge from
the river during the period 1948-51.

Runoff from streams entering the valley on the south (runoff from
streams on the north reaches the plain only during flood stages), infil-
tration of rain on the plain, and return of excess irrigation water are
inflow elements of the inventory whose estimates are decidedly weak.
On the outflow side of the equation, the weakest element of any mag-
nitude is evapotranspiration. Selecting the dry period 1947-51 mini-
mizes errors in estimates of runoff from streams on the south and infil-
tration of rain, and reduces the number of uncertain elements to two:
evapotranspiration and return of excess irrigation water. Until these
elements can be refined, the ground-water inventory still is considered
approximate.

OUTFLOW

OUTFLOW FROM SHALLOW WATER BODY TO THE RIVER

Whenever the water table at the western end of the plain stands
above the Santa Ynez River channel, ground water percolates out of
the shallow zone into the stream course and passes out to sea. This
quantity is measurable as the gain in streamflow between H Street
Bridge and the Barrier Bridge and is available from records compiled
for these two stations. The record shows that for the period April
1947 to April 1951 the total gain in flow was 400 acre-feet, or an aver-
age of 100 acre-feet yearly. Part of the gain in flow between H Street
Bridge and the Barrier Bridge may be due to sewage effluent from
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Camp Cooke and the city of Lompoc. The two sources combined re-
leased about 800 acre-feet per year, according to metered records dur-
ing the period 1947-51, but the operators of the treatment works
believe that only a small part of the release reached the Barrier
Bridge—most of it was lost by evapotranspiration or by percolation
to the deep water body.

EVAPOTRANSPIRATION

Upson (Upson and Thomasson, 1951, p. 133-134) estimated evapo-
transpiration, based on data for the bottom lands of the Santa Ana
River in Riverside and Orange Counties compiled by the Division
of Irrigation, United States Department of Agriculture, in part in
cooperation with the Geological Survey (Muckel, written communica-
tion, 1944). He estimated that the average annual loss of water to
native vegetation along the Santa Ynez River in the Lompoc subarea,
an area of about 1,200 acres, was about 3,000 acre-feet and that an
additional 2,100 acre-feet was transpired in an area comprising about
600 acves at the extreme western end of the Lompoc plain. But these
estimates were for a period in which there was little fluctuation in
water levels. During the period 1945-51 water levels declined as
much as 20 feet at the eastern end of the Lompoc plain. Thus, it
is reasonable to expect that consumptive use of ground water by
native vegetation was considerably less than in the period 193544
to which a 2.5 acre-feet-per-acre factor was applied.

For the period 1947-51 evapotranspiration estimates are based on
climatological data in the same manner as were the evapotranspiration
estimates for the river-bottom lands upstream from Robinson Bridge
(p- 49). In short, consumptive-use data for the San Luis Rey Valley
were transposed to the Lompoc plain by a comparison of daylight
hours and temperature in the two areas, after which the adjusted
consumptive-use data were applied to the acreages of phreatophytes
as outlined on aerial photos. The estimated average annual evapo-
transpiration determined in this manner, for the period 1947-51, was
3,000 acre-feet, which is about 2,000 acre-feet a year less than that
estimated by Upson (Upson and Thomasson, 1951) for the preceding
wet period.

OUTFLOW FROM MAIN WATER-BEARING BODY TO THE SEA

The average annual discharge of ground water by outflow from
the main water-bearing zone to the sea for the period 193544 was
estimated by Thomasson (Upson and Thomasson, 1951, table 18) as
460 acre-feet. For the period 1947-51 the discharge was smaller.
The estimated cross-sectional area and permeability did not change,
but the average seaward hydraulic gradient declined from about 5
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feet per mile to an average of about 3 feet per mile in the years 1947-51.
Thus, the estimated discharge for the dry years averaged about 300
acre-feet per year.

PUMPAGE

Pumpage estimates for the Lompoc plain were computed by Upson
(Upson and Thomasson, 1951), based on power-consumption records
supplied by the Pacific Gas and Electric Co., and energy factors in
terms of kilowatt-hours per acre-foot determined from data on pump-
efficiency tests also supplied by the Pacific Gas and Electric Co. The
estimates covered the period 193544 inclusive—a period in which
ground-water levels remained high and nearly constant. Since 1944
substantial water-level declines were recorded at the eastern end of
the plain and, consequently, pumping lifts increased. An increase
in pumping lift requires additional power to pump a given amount
of water. Therefore, the use beyond 1944 of a factor for kilowatt-
hours per acre-foot based on 1935-44 pump-efliciency tests is question-
able. The following table shows the variation in average lifts and
average energy factors, based on all available pump-efficiency tests,
for the periods indicated.

Variation of energy factor and average pumping lift, 1936-561

Pumping lift Energy factor
Number Average Number | Kilowatt
of tests (feet) of tests hours per
acre-foot
193544 - —— - 143 63.03 148 135,32
1945-51. - 69 |, 92.22 73 166.02
1935-51___ mm———m————— 212 72.53 221 145.46

From the preceding table it is evident that the energy factor deter-
mined for the period 1935-44 must be revised to reflect the increase
in pumping lift in the years 1945-51. One method of doing this would
be to consider only the pump efficiency tests for the period 1945-51.
This method is weak, unless the small number of tests available (only
73) is representative. A more accurate method was devised by de-
termining from all available pump-efficiency tests the average number
of kilowatt-hours required to lift 1 acre-foot of water 1 foot. This
figure, computed to be 1.93 kilowatt-hours per acre-foot per foot of
lift, when multiplied by the average lift for a particular year, results
in a factor for kilowatt-hours per acre-foot that is in direct relation-
ship to the average depth to static water level for the year. Average
lifts were computed as the sum of depth to static water level, average
drawdown, and discharge elevation above land surface. Depths to
water were determined from the records of water-level fluctuations
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in observation wells, discharge elevations above land surface were de-
termined by observation, and drawdowns were obtained from pump-
efficiency tests. Of the three variables in the average lift, drawdown
and discharge elevation above land surface remain nearly constant.
Fluctuations of the water table, therefore, produce changes in the
average lift and, consequently, changes in the average factor for kilo-
watt-hours per acre-foot.

Pumpage, based on this method, is listed in table 7 and the revision
is extended back as far as 1985. The estimates below supersede the
estimates of table 25 in Water-Supply Paper 1107, and they include
estimates of additional pumpage by gas, gasoline, and diesel plants
and by industry, the Lompoc Light and Power Co., domestic, stock,
and dairy users, and Camp Cooke.

During the 4-year inventory period from April 1947 to April 1951,
85,500 acre-feet of ground water was pumped, or an average yearly
withdrawal of 21,400 acre-feet.

NET CHANGE IN GROUND-WATER STORAGE

Water-level measurements in sufficient number to permit the prep-
aration of a water-level contour map were not available for the spring
of 1947, It was not possible, therefore, to prepare a storage-change
contour map for the period April 1947 to April 1951. In lieu of such
a map, the net change of ground water in storage beneath the Lompoc
plain was computed from the storage-change map for the 6-year pe-
riod April 1945 to April 1951, during which the total estimated stor-
age depletion was 15,700 acre-feet (table 6).

On the basis of this change, the estimated average yearly change in
storage beneath the Lompoc plain was about 2,600 acre-feet, or slightly
more than 10,000 acre-feet for the 4-year period April 1947 to April
1951,

An additional decrease in storage totaling 2,700 acre-feet per year
was estimated for the Lompoc upland and the outcrop area near Lom- -
poc Canyon (p. 75). :

TABLE 7.—Annual pumpage from the main and secondary water-bearing zones of
the Lompoc plain, 19356-611

{Compiled from data furnished by the Pacific Gas and Electric Co., Camp Cooke, and the city of Lompoc]

Year starting Pumpage Year starting Pumpage Year starting Pumpage
Aprill (acre-feet) April 1 (acre-feet) Aprill (acre-feet)
9, 600 7,300 16, 400
13, 800 9,000 19, 400
11,700 14,700 25, 800
10, 300 16, 200 18, 200
12, 000 15,700 16, 500
12, 800 23, 900

1 Figures for 1935-44 differ from those of table 25, Water-Supply Paper 1107, owing to revision of factors
{or kilowatt-hours per acre-foot, and the inclusion of domestic, stock, and industrial uses.
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INFLOW

UNDERFLOW AND SEEPAGE LOSS FROM SANTA YNEZ RIVER

As stated by Upson (Upson and Thomasson, 1951, p. 152), the
Santa Ynez River supplies water to the main water-bearing zone,
partly by direct ground-water underflow through The Narrows and
partly by seepage loss from the river through the shallow water body,
chiefly in the area between The Narrows and H Street Bridge.

For the period 1935-44 Thomasson (Upson and Thomasson, 1951,
p. 80) estimated that the underflow through The Narrows averaged
about 600 acre-feet per year. This computation is based on the for-
mula @=PIA, in which P, the permeability, was estimated to be 4,000
gallons per day per square foot; 7, the hydraulic gradient, was 8 feet
per mile; and A, the saturated cross-sectional area, was 87,000 square
feet. From 1944 through 1951 the gradient steepened steadily because
of falling water levels at the eastern end of the Lompoc plain. Al-
though the permeability remained essentially constant, the saturated
cross section decreased to about 84,000 square feet in November 1951.

During 1951 the average water level in well 7/34-35F16 was 62
feet above mean sea level, and the average water level in well 6/34-2A6
(0.85 mile upstream from well 7/34-35F16) was 84 feet above mean
sea level—both the lowest average levels on record. The difference
in altitude is 22 feet in 0.85 mile or a gradient of 26 feet per mile.
Because the hydraulic gradient increased at an almost constant yearly
rate from 8 feet per mile in 1944 to an average of 26 feet per mile in
1951, the average gradient for the period April 1947 to April 1951
can be computed to be about 20 feet per mile. Similarly, the average
saturated cross-sectional area can be computed to be 85,000 square feet
for the same period. Thus, the estimated underflow averaged about
1,500 acre-feet per year, or totaled about 6,000 acre-feet during the
4-year period of inventory.

Seepage loss from the Santa Ynez River is estimated by the de-
crease in streamflow between the gages at Robinson Bridge and H
Street Bridge. In addition, an unknown amount of seepage loss oc-
curs downstream from H Street Bridge. The principal weaknesses
in the estimate of seepage loss are (1) during years of large runoff
the losses are commonly within the limits of error of the gaged run-
off and cannot be used ; thus, although the seepage losses may be large,
their magnitude cannot be estimated; (2) no continuous record is
available between The Narrows and Robinson Bridge, a distance of
about half a mile, in which the fragmentary records show that losses
have occurred; (3) the runoff from tributaries between Robinson
Bridge and Surf, particularly those draining the western part of
the Purisima Hills, has not been gaged and, because the runoff is
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not accounted for, the computed seepage loss between Robinson Bridge
and the H Street Bridge may be low; also, any seepage loss down-
stream from the H Street Bridge has been omitted because there is
no satisfactory basis for estimating it; (4) rising water in the river,
which is discharge from the shallow water body starting about 4
miles downstream from H Street Bridge, masks any seepage loss for
the reach between H Street Bridge and Barrier Bridge (for example,
in 1948 and 1951 there was no flow at H Street, but 175 and 190 acre-
feet, respectively, passed the Barrier Bridge (table 1); and (5)
sewage effluent discharged into or near the river below H Street
Bridge by the city of Lompoc and Camp Cooke also tends to mask any
seepage loss.

For the period April 1947 to April 1951 the gaging-station records
at Robinson Bridge and H Street Bridge show a total gaged difference
of about 1,800 acre-feet. Assuming that the seepage-loss rate per mile
between The Narrows and Robinson Bridge was the same as that be-
tween Robinson Bridge and H Street Bridge in the years April 1947
to April 1951, an additional increment of about 300 acre-feet is ob-
tained. Thus, the inflow by seepage loss and underflow for the 4-year
period of inventory is estimated to have been about 8,100 acre-feet or
to have averaged about 2,000 acre-feet per year.

RUNOFF FROM STREAMS ENTERING THE VALLEY ON THE SOUTH

With regard to runoff entering the valley from the south, Upson
(Upson and Thomasson, 1951, p. 126-127) stated :

Unlike those from the north, the tributary streams from the south, chiefly
San Miguelito Creek, those in San Pascual, Rodeo, and Lompoc Canyons, drain
moderately extensive areas of foothill and mountainous terrain, which receive
comparatively heavy rainfall. Except for the streams in Lompoc Canyon, they
flow perennially almost to the canyon mouths and there lose most of their flow
by percolation into the marginal parts of the upper member of the younger
alluvium—and hence to the shallow water body.

Conversely, flow in the streams on the north side of the valley gen-
erally occurs only during heavy precipitation, and most of this runoff
reaches the Santa Ynez River rapidly and passes out to sea. There is
no low perennial flow in these streams.

Gaging stations are not maintained on the relatively small streams
entering the valley on the south. Therefore, direct measurement of
the total contribution from San Miguelito, San Pascual, Rodeo, and
Lompoc Canyons is not possible. An approximation can be made,
however, by comparing these streams with Salsipuedes Creek. During
the period April 1947 to April 1951, Salsipuedes Creek, which drains
the adjacent watershed to the south and east, averaged 1,000 acre-feet
of runoff per year from a drainage area of 46.6 square miles, or 20
acre-feet per square mile. Assuming a runoff of 20 acre-feet per
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square mile for the streams on the south side of the valley with a
total drainage area of 36 square miles, and assuming that all runoff
seeped to the shallow and deep water bodies, the estimated contri-
bution from this source for the period of inventory was roughly 700
acre-feet per year.

INFILTRATION OF RAINFALL ON THE PLAIN

In regard to recharge from rainfall, the same method is used here
as was used by Upson (Upson and Thomasson, 1951, p. 125). The
method is based on the work of Blaney (1933), in which he estimates
the proportion of any one season’s rain that penetrates below plant
roots for a number of areas in southern California. Varying types
of land cover, such as irrigated beans, miscellaneous garden, truck
crops and alfalfa, brush, grass and weeds, and bare land are con-
sidered. The values of penetration, estimated by Blaney for these
classes, were plotted against seasonal rainfall and smooth curves
drawn. From these curves, values of penetration have been selected
corresponding to the seasonal rainfall on the Lompoc plain for
truck crops, miscellaneous garden crops, and alfalfa, which are con-
sidered representative of the crops grown on the Lompoc plain.
Rainfall on the Lompoc plain is determined by combining rainfall
at Lompoc and at Surf in the ratio of 2 to 1. The results of this
study show that rainfall penetration during the period April 1947
to April 1951 probably was zero.

Blaney’s method was used for the Lompoc upland and the area
of outcrop near Lompoc Canyon. These areas have a cover of brush
and grass in the ratio of about 2 to 1. The results of this study
show that rainfall penetration on the brush areas probably was zero,
and in the grass areas rainfall penetration was about 900 acre-feet
per year. Total rainfall penetration, therefore, in the Lompoc sub-
area for the period April 1947 to April 1951 was about 900 acre-feet
per year.

RETURN OF EXCESS IRRIGATION WATER

All water applied to a field during irrigation is not used by plants,
but the proportion actually used and the proportion lost are very
problematical. Logically, some of the applied water evaporates,
some runs off the irrigated plot, and some returns to ground-water
storage; but little is known concerning the magnitude of these in-
crements on the Lompoc plain.

Perhaps the best known research concerning this problem is the
work of D. C. Muckel and V. S. Aronovici (1952), who summarize an
approach to the solution of this problem in the following equation:

Water applied minus evaporation, minus transpiration, minus soil storage in
root zone, minus runoff equals deep penetration.
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The authors, by way of explanation, state further that:

Water applied is measured directly in the case of irrigation, and by rain gages
for rain falling on the soil surface. Soil sampling is used to determine the
evaporation, transpiration, and soil moisture storage within the root zone. It
is assumed that water stored within the root zone will eventually be used by
the plants and, therefore, becomes part of the transpiration.

Deep penetration of irrigation water is calculated in the same manner as
rainfall penetration. However, since the water is applied artificially, allowances
must be made for the area actually wetted when the irrigation is by furrows
or rows. Also, the unevenness of the water application must be taken into
account. Soil sampling is relied upon to disclose the actual conditions.

The magnitude and costliness of this approach, involving the tak-
ing of many soil samples, precluded its use in this study. Accord-
ingly, as was done by Upson (Upson and Thomasson, 1951, p. 125),
an irrigation efficiency of 85 percent is assumed for the Lompoc
plain—that is, about 15 percent of the applied water returns to the
water table. Thus, using these data for the 4-year period of inven-
tory, the inflow by return irrigation water would have been on the
order of 13,000 acre-feet, or an average of 3,200 acre-feet per year.

EQUATION FOR THE PERIOD 1947-51

Table 8 summarizes the estimates of ground-water inflow to and
outflow from the Lompoc subarea for the 4-year period April 1947 to
April 1951 also, it shows the estimated net changes in ground-water
storage for the same period and compares the changes in storage with
the difference between inflow and outflow. The difference between
the results represents the errors in the estimates of inflow, outflow,
and storage change. Also shown in table 8 for comparison are the
data from the equation by Upson (Upson and Thomasson, 1951, p.

TasLE 8.—Hydrologic equation, in acre-feet, per year, for the Lompoc subarea,
1985-44 and 194751

11935-44 | 1947-51 ©111935-44 | 1947-51
Inflow: Outflow—Continued
Srepage loss from Santa Main water-bearing zone
Ynez River__....._.._. 2, 500 500 0 S€8 e aaaan 400 300
Underﬂow at The Nar- Pumpage, all uses.._..__. 10, 000 21, 400
.................... 600 1, 500 2. Total._..__.___._....| 17,000 24. 800
Runoﬁ from tributary Difference: 1—2).... 2, 200 17,200
Streams. ... _..o.._ 5,400 700 Ground -water storage change,
Rainfall penetration._____ 4,800 900 net increase (+) or decrease
Return irrigation water
(nsing 15 percent of Lompoc plam (storage
PUMPEEE) - - - 1, 500 3,200 --1,000 17,200
Return sewage efffuent. .. O] 800
1. Total. oot 14, 800 7,600 3—2, 500 =2, 700
Outflow:
Shallow water body to 1, 500 5,300
theriver.. ... ___..__._ 1,500 100 .
Evapotranspiration.... .. 5,100 3, 000 (8—4) eemevccrcconaocccnnaen 700 12,000

1 Upson and Thomasson (1951, p. 160).
2 Omitted.
3 By estimating underground transfer from adjacent deposits.
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160) for the 10-year period 1935-44. The table shows that most of
the inflow items estimated by Upson were considerably larger than
those estimated for the drought period 1947-51. The most significant
feature brought out by a comparison of the two equations is the
apparent small depletion of ground water in storage under conditions
of small recharge and large withdrawals during the period of drought.

SIGNIFICANCE OF THE HYDROLOGIC EQUATION

For the period 1935-44 table 8 shows a discrepancy between methods
of only 700 acre-feet per year, whereas for the period 1947-51 it
shows a difference of about 12,000 acre-feet per year. For the latter
period this difference indicates one or more of the following con-
ditions: the estimates of inflow are low, the estimates of outflow are
high, the estimated net changes in storage, particularly in the Lompoc
upland, are too small, and (or) there are other possible sources of
inflow. With regard to the elements of inflow, the estimated return
irrigation water and possibly rainfall infiltration are most subject
to error. The only significant estimate of outflow subject to question
is evapotranspiration.

The estimated net change in storage in the Lompoc upland, where
few well data or water-level records are available, may be considerably
in error. The estimated depletion shown in table 8 for the foothill
area is only slightly more than the inflow of 2,500 acre-feet estimated
by Upson (Upson and Thomasson, 1951, p. 160), even though the
hydraulic gradient from the area was steepened during the drought
period 1947-51. Therefore, the estimated storage depletion of 2,700
acre-feet for the foothill area probably is low.

Other possible sources of inflow for the Santa Ynez and Santa Rita
subareas might be fractures in the consolidated rocks. The equations
on page 52 and in tables 4, and 8 consistently suggest other sources
of inflow, or else the estimated elements of inflow, outflow, and (or)
net storage change consistently are in error in the same direction.
Although some water might be supplied from the consolidated rocks
around the Lompoc plain, it is unreasonable to assume that the full
12,000 acre-feet was supplied from this source.

During the period 1947-51 the average yearly total discharge from
the Lompoc plain was about 25,000 acre-feet, of which 2,600 acre-
feet was supplied from storage beneath the plain. The remaining
22,400 acre-feet per year must have been supplied by the inflow items
and from storage in the foothill area as listed in the hydrologic
equation, because they are the only known sources of principal re-
charge. Proportioning the recharge by inflow items is a difficult
task, but the selection of the dry 1947-51 inventory period, by its
very nature, reduces the magnitude of the estimates—for such items
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as recharge from the river, runoff from streams on the south, and
infiltration of rainfall—to quantities that are nearly negligible. It
is logical to assume, therefore, that the bulk of replenishment came
from outside the perimeter of the plain, and that a lesser amount
came from the return of excess irrigation water and from the dis-
charge of sewage by Camp Cooke and the city of Lompoc. The
river, although supplying much of the recharge whenever flow is
available, certainly did not supply it during the inventory period in
question, because underflow and seepage loss between The Narrows
and H Street Bridge averaged only 2,000 acre-feet per year.

The small decline of water levels in relation to withdrawals in the
Lompoc plain, commencing about 1945, proves that there is consid-
erable recharge to the plain from local sources other than the river,
particularly from the Orcutt sand, Paso Robles formation, and
Careaga sand. Although the hydrologic equation for the period
1935-44 demonstrated that the average pumpage of 10,000 acre-feet
produced little or no change in ground-water storage, the equation
for the dry period 1947-51 indicates that an average yearly with-
drawal of 21,400 acre-feet produced a decrease in storage beneath
the Lompoc plain of only 2,600 acre-feet per year.

Additional proof that the ground-water bodies beneath the plain
are recharged from local sources other than the river is available in
a comparison of hydrographs for the Santa Maria Valley and hy-
drographs for the Lompoc plain. In the Santa Maria Valley it is
known that for the period 1929-50 the recharge was entirely de-
pendent on infiltration of precipitation and the flow of the Sisquoc
and Santa Maria Rivers (Worts, 1951), and the hydrographs of wells
reflect this dependence. Falling water levels in the Santa Maria
Valley during dry periods have been the result of almost the entire
draft of the valley being supplied from storage, whereas in the
Lompoc plain only minor depletions of storage beneath the plain have
been required to meet withdrawals, despite the fact that there was
little or no flow in the river.

Therefore, owing to the poor correlation of the estimates in table 8,
it would be desirable to collect more water-level records in the areas
around the Lompoc plain. Additional field work in the Lompoc
subarea would be necessary in order to refine estimates of return
irrigation water and rainfall penetration.

CONSIDERATION OF PERENNIAL SUPPLY
By H. D. WILSON, JR., and G. F. WORTS, JR.

Upson (Upson and Thomasson, 1951, p. 3) stated that the pump-
age in the wet period 193544 caused no apparent overall decline of
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water levels in the Lompoc subarea, and therefore they concluded that
the perennial yield was at least equal to the average yearly withdraw-
als for the period, or was at least 10,000 acre-feet a year. Because
water levels were not depressed, the maximum recharge opportunity
by seepage loss from the river was not realized and natural water
losses were high. Hence, the estimated yield of 10,000 acre-feet a year
was a minimum figure.

The data collected during the 6-year dry period April 1945-April
1951 show that, with an average yearly pumpage of nearly 20,000
acre-feet (table 7), there was an estimated 6-year net depletion in
storage of 15,700 acre-feet (table 6) beneath the Lompoc plain and
crudely 16,000 acre-feet beneath the Lompoc upland and the area near
Lompoc Canyon, or a total of 82,000 acre-feet. This total depletion
of storage was only about 14 percent of the estimated gross storage
capacity of 230,000 acre-feet (table 5 and fig. 15). Accordingly, the
data show that for the period 1945-51 there was an ample supply
available to sustain the pumpage of 20,000 acre-feet a year.

Although pumpage and storage depletion comprise useful elements
in estimating short-term yield during a dry period, the perennial
yield must be considered over the long term and must include an
equal number of both wet and dry periods. Figure 3 shows that since
1868 the wet and dry periods have averaged about 14 and 11 years
in length, respectively. For a long period in which the wet and dry
periods are of these average durations, the perennial yield may be
expressed as (1) the total recharge less total unrecoverable water
losses (which include evapotranspiration from uncultivated lands
and outflow to the Pacific Ocean) plus that part of the gross storage
capacity that is rechargeable from local sources, all divided by 11
(for the dry period part of the equation), plus (2) the total recharge
less total unrecoverable water losses less that part of the gross storage
capacity that is rechargeable from local sources, all divided by 14
(for the wet period part of the equation) ; and the sum of (1) and (2)
divided by two.

However, the following quantitative analysis of total inflow, which
is the total recharge plus return irrigation water, is used in place of
total recharge, because no accurate estimates are available for return
irrigation water in the Lompoc subarea. Perennial yield cannot be
derived directly from an equation containing an estimate of total in-
flow. Accordingly, the term “perennial pumpage”, which has been
suggested by J. F. Poland of the Geological Survey (oral communi-
cation, 1956) is introduced to express the quantity of water that can
be pumped perennially from a basin—it is a measure of the pumpage



90 GROUND WATER APPRAISAL, SANTA YNEZ RIVER BASIN, CALIF.

rather than of the net draft. The perennial pumpage can be evalu-
ated in terms of the following equation :

Total Total i Rechargeable
. : —unrecoverable--storage
Perennial pumpage=| inflow £ 40100 +capacgity 4

11 (average length of dry period in years)

Total Rechargeable
gﬂ‘?(t)%},— unrecoverable—storage
water losses  capacity

14 (average length of wet period in years) +2

Because ground water in storage never has been depleted substan-
tially during a prolonged dry period, there is no accurate means to
estimate the maximum total recharge during a wet period or the
maximum rechargeable storage capacity, both essential to the solu-
tion of the above equation. Nevertheless, the estimates obtained for
the 7 years 1945-52 can be extrapolated to estimate the order of mag-
nitude of the quantity of water that can be pumped perennially from
the Lompoc subarea.

The estimates of total inflow and total unrecoverable water losses
for the 4-year dry period 1947-51 (table 8) and an estimate of the
rechargeable storage capacity can be used to obtain a rough approxi-.
mation of the first part of the above equation for perennial pump-
age. First, it is assumed that the average 11-year dry period would
be as severe as the 4-year dry period 1947-51, during which total
inflow was relatively small. Table 8 shows that estimated inflow
totaled 7,600 acre-feet a year and that there could have been an addi-
tional yearly inflow of as much as 12,000 acre-feet, if the difference
between the two methods is attributable to unduly low estimates of
inflow. Thus, the total inflow may have been as little as 7,600 or as
much as about 20,000 acre-feet a year.

Second, it is probable that the unrecoverable water losses would be
large when water levels were high at the end of a wet period and
small when the levels were low at the end of a dry period. Evapo-
transpiration losses plus shallow-water discharge to the river plus
ground-water outflow to the sea might range from 2,000 to 4,000 acre-
feet a year, the average of which (8,000) is only 400 acre-feet a year
less than the amounts shown in table 8 for the period 1947-51.

Third, the rechargeable storage capacity can be estimated crudely
by using the magnitude of the net increase in storage of 8,500 acre-
feet (10,800 less 2,300 acre-feet in table 6) in the one wet year, spring
1951 to spring 1952, which immediately followed the 6-year period
of storage depletion.
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If a 14-year wet period supplied sufficient inflow, on the average,
to produce a net increase in storage of about 8,000 acre-feet a year,
which is slightly less than that in 1951-52, then -the rechargeable
storage capacity would be about 110,000 acre-feet, about 50 percent of
the estimated gross storage capacity of the Lompoc subarea and about
80 percent of the estimated gross storage capacity beneath the Lompoc
plain (table 5 and fig. 15).

Thus, for an 11-year dry period as severe as the 4 years 1947-51, the
above estimates can be placed in the first part of the equation to obtain
“partial” perennial pumpage, on a per year basis, as follows:

“Partial” perennial pumpage = 7,600 to 20,000— 8,000 10,000
=15,000 to 27,000

The range in the amounts, between 15,000 and 27,000 acre-feet, is
the result of the difference between the estimated inflow of 7,600
acre-feet a year and the sum of this inflow and the difference between
methods of 12,000 acre-feet a year (table 8), which assumes that all
the difference of 12,000 acre-feet would be attributable to underesti-
mates in the elements of inflow and that there are no errors in the
elements of outflow and ground-water storage change. Although the
above limits for the first part of the equation show the probable order
of magnitude of the “partial” perennial pumpage, the range is large
and the result is not of much practical use.

Another approach to the solution of the perennial pumpage during
an 11-year dry period similar to the 6-year period 1945-51 is to utilize
the estimates of pumpage, storage depletion, and rechargeable storage
capacity. The pumpage of about 20,000 acre-feet a year caused a total
net depletion in storage of about 32,000 acre-feet, or about 5,000 acre-
feet a year. As was mentioned, the estimated rechargeable ground-
water storage capacity may be on the order of 110,000 acre-feet. Start-
ing with full capacity at the beginning of an 11-year dry period, the
water in storage could be depleted at an estimated rate of about
10,000 acre-feet a year. This rate of depletion is 5,000 acre-feet a year
more than the estimated average rate of depletion during the 6 years
1945-51, which, in turn, suggests that the pumpage for the period
could have been at least 5,000 acre-feet a year more. Because some
of the pumpage returns to storage as excess irrigation water, the in-
crease of 5,000 acre-feet would be more nearly equal to the net draft
(ground water permanently removed from the supply). Accord-
ingly, this analysis suggests that, for an 11-year dry period, based on
estimates for the 6 dry years 1945-51, the “partial” perennial pump-
age would be the sum of the pumpage of 20,000 acre-feet a year plus
the additional pumpage that would be sufficient to increase the net

465541—59——7
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storage depletion from 5,000 to 10,000 acre-feet a year, or somewhat.
more than 25,000 acre-feet. If the basin could sustain this draft, then
the conditions for the first part of the equation are satisfied and the
“partial” perennial pumpage for the 11-year dry period also would
be at least 25,000 acre-feet a year.

Although there are several assumptions involved in arriving at the
above two estimates for the first part of the equation for perenniak
pumpage of the Lompoc subarea, the results, in part, seem to agree
reasonably well. The first analysis suggests a range between 15,000
and 27,000 acre-feet and the second an amount of at least 25,000 acre-
feet a year. Because the average pumpage of about 20,000 acre-feet
a year in the 6 dry years 1945-51 caused a net depletion in storage of
about 32,000 acre-feet, or less than one-third of the estimated re-
chargeable storage capacity, in about one-half of an 11-year dry period,.
the amount involved in the first part of the perennial-pumpage equa-
tion probably would be more nearly 25,000 to 27,000 than 15,000 acre-
feet a year. Accordingly, 25,000 acre-feet a year is considered to be the-
order of magnitude of the first part of the equation.

Another feature brought out by this analysis of the relation be-
tween the pumpage and the net depletion in storage during the 6
dry years 1945-51 is that more ground water must have been avail-
able either as inflow or as water from storage than is shown in the
hydrologic equation (table 8). Because there is little possibility
of significant overestimates in the elements of outflow, it seems that
most of the difference (12,000 acre-feet a year) between the two.
methods (table 8) was supplied by inflow and(or) by storage deple-
tion. This would suggest either an increase in total inflow of nearly
150 percent or an increase in storage depletion of about 300 percent.
The latter possibility appears most unlikely, but there could be
substantial increases in the estimates of return irrigation water, rain-
fall penetration, and runoff from tributary streams that could account
for a substantial part of the “missing” water.

In the second part of the perennial-pumpage equation for a 14-year-
wet period, total inflow must be sufficient not only to provide the-
estimated average 3,000 acre-feet a year of natural water losses and
to replenish the rechargeable storage space at an estimated rate of
8,000 acre-feet a year, but also to supply a substantial excess for the-
average yearly pumpage.

The wet year 1951-52 is the only one of record that followed a
series of dry years during which a moderate depletion of storage-
occurred and, therefore, is the only wet year on which any estimates
of the second part of the perennial-pumpage equation can be based..
Rainfall and runoff in 1951-52 were above the average for past wet
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periods and, hence, storage space being available, recharge also was
above average. During an exceptionally wet year the availability
of water for ground-water recharge, is great; but, if the ground-
water reservoir is nearly full, then relatively little recharge will occur.
For example, during the wet years 1935-44 precipitation was great,
but the ground-water reservoir remained essentially full and the
bulk of the runoff in the Santa Ynez River wasted to the Pacific
Ocean. In 1952 precipitation was great, but even after 6 dry years
the water levels were drawn down only a maximum of about 20
feet beneath the river channel. Hence, the recharge, although sub-
stantial, probably would have been considerably more had the water
levels been drawn down near or to sea level, thereby providing a large
reservoir space for the available recharge. Even so, from fall 1951
to spring 1952 there was an increase in storage of about 11,000 acre-
feet (table6).

The elements for the second part of the perennial-pumpage equa-
tion, based on the 1 year, spring 1951 to spring 1952, are estimated
as follows: Pumpage was 18,200 acre-feet (table 7), natural water
losses about 3,400 acre-feet (table 8), and net increase in storage
8,500 acre-feet (computed from table 6). The total inflow was suf-
ficient not only to supply the pumpage and natural water losses but
also to produce the net increase in storage. Therefore, the estimated
total inflow for the year was the sum of these three, or about 30,000
acre-feet.

Thus, for a 14-year wet period, based solely on the wet year 1951-52,
the above estimates can be placed in the second part of the equation
to estimate crudely a “partial” perennial pumpage, on a per-year
basis, as follows:

“Partial”’ perennial pumpage=230,000—3,000—8,000
=19,000 acre-feet

Both this estimate and the estimate of 25,000 acre-feet for the first
part of the equation are based on the pumpage rather than the net
draft. Thus, based on the extrapolated estimates for 11 dry years and
14 wet years, the overall equation for perennial pumpage of the
Lompoc subarea is the average of the estimates for the first and
second parts of the equation, or is approximately :

Perennial pumpagezgw_‘gﬁggo

=22,000 acre-feet

The best evidence that the perennial pumpage is in excess of 20,000
acre-feet is the estimated total net storage depletion of only 32,000
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acre-feet with a pumpage of 20,000 acre-feet a year during the 6 dry
years 1945-51. Of course, if the rechargeable storage capacity is
considerably less than the estimated 110,000 acre-feet, then the esti-
mated perennial pumpage also will be less. However, the ratio of
decrease in rechargeable storage capacity to decrease in perennial
pumpage is about 12 to 1; that is, for every decrease of 12,000 acre-
feet in storage capacity there would be a decrease of only 1,000
acre-feet a year in the perennial pumpage. Obviously, if the recharge-
able storage capacity has been underestimated, then the converse
will be true.

The least accurate estimate in the overall equation is the estimated
total inflow of 80,000 acre-feet a year during a 14-year wet period,
which is based on the data for only the 1 wet year 1951-52. The
Santa Ynez River, which affords a large recharge opportunity during
wet periods had a median discharge of about 105,000 acre-feet for
the period of record 1908-44, according to Thomasson (Upson and
Thomasson, 1951, table 8). Thus, ample water has been available
for recharge from this source alone, but the unknown element is the
amount of the surface flow that would be lost from the stream to
ground water if water levels were drawn down far below the low
levels in 1951. This element of the total inflow is most critical to
the determination of the rechargeable storage capacity of the Lompoc
subarea and, hence, to the estimate of perennial pumpage.

Finally, the estimate of perennial pumpage of the Lompoc sub-
area was based on information obtained prior to the closure of
Cachuma Dam in 1953. The estimates probably were affected some-
what by the operations of Gibraltar and Juncal Dams, which are
relatively small structures. The future regimen of the Santa Ynez
River downstream from Cachuma Dam, which has a reservoir ca-
pacity of 210,000 acre-feet, will be controlled in large part by the
operations of the dam and reservoir. It is probable that with reduced
runoff the seepage loss from the river will be less, which, in turn,
would reduce not only the total inflow but also the rechargeable stor-
age capacity. The collection of basic data by the Geological Survey
in cooperation with the Santa Barbara County Water Agency and
the Bureau of Reclamation, will provide part of the necessary in-
formation for revising and refining the elements of the hydrologic
equation as they may be affected by the operation of Cachuma Dam.

CHEMICAL CHARACTER OF GROUND WATER

GENERAL NATURE OF THE CHEMICAL PROBLEM
By chemical analysis it is possible to identify the more important
substances in water and to determine their absolute mineral concen-
trations. With this knowledge, water can be classified as to its suit-
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ability for any of a variety of uses. For irrigation waters some
substances, such as calcium, magnesium, potassium, sulfate, and ni-
trate, are beneficial to plant growth, whereas others, such as sodium
and boron, may be essential in small quantities but in large quantities
may have an adverse effect on the soil or vegetation. It is essential,
therefore, to know the proportions in which the various constituents
occur in water.

Native waters are usually of good chemical quality, unless they are
in contact with a highly mineralized soil. Contamination of the
native fresh water can take place progressively by mixing with waters
that are high in dissolved solid. Mixing of fresh water with ocean
water, industrial wastes, or oil-field brines is an example of this type
of contamination. Contamination can take place also whenever the
establishment of unfavorable gradients permits the percolation of
inferior water from adjacent permeable aquifers or from the ocean.
It is not always easy to identify contaminants because, coincident
with or subsequent to the blending of the fresh and inferior waters,
certain chemical reactions may completely mask the nature of the
contaminant. Base exchange and sulfate reduction (discussed later)
are two such processes.

In the Lompoc subarea the problems with regard to chemical quality
are: To classify the ground waters as to their suitability for ir-
rigation purposes, to type the waters as to their chemical composition,
to review the status of possible contaminants, and to determine whether
any change over the years has taken place by chemical reaction or
by the mixing of fresh waters with exterior contaminants.

In 1941 analyses of the waters from wells were assembled from
various sources. These analyses included some detailed partial analy-
ses and many brief partial analyses. The detailed partial analyses
included a quantitative determination of specific conductance (elec-
trical conductivity), hardness, calcium, magnesium, sodium plus
potassium, bicarbonate, and sulfate, whereas the brief partial analyses
included only specific conductance, chloride, and hardness.

Until recent years there has been no orderly program for sampling
the waters of the Lompoc plain, and as a result the coverage has been
spotty and at times inadequate. The University of California, Col-
lege of Agriculture, in 1935 sampled the waters of many wells for
detailed partial analyses, and in the period 1941-43 the Geological
Survey did some additional sampling. Between the years 194348
samples were not collected. As a result of the drought, commencing
about 1945 and accompanied by falling water levels, a program of
sampling at the west end of the plain was begun in the spring of
1950 and has continued to the present time. The purpose of this
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program was to collect representative samples twice yearly for brief
partial analyses that might give some indication as to whether sea-
water intrusion was occurring. In addition, 25 detailed partial analy-
ses have been made. A complete tabulation of all available analyses
is contained in table 8 (at end of report) which contains analyses
made by the University of California, College of Agriculture, for
which samples were supplied by the Farm Advisor in Santa Barbara;
by the Bureau of Standards (samples supplied by the Bureau of
Reclamation) ; by Camp Cooke; and by the U. S. Geological Survey.

SUITABILITY OF WATER FOR IRRIGATION

The method of interpretation here considered is that proposed by
Wilcox (1948). The method is based on the presumption that the
water will be used under average conditions as related to quantity,
soil permeability, drainage, climate, and crops. It is not applicable
under unusual conditions. Three elements—percent sodium, dissolved
solids expressed as electrical conductivity, and boron—are consid-
ered in the analysis of irrigation water.

The quantity and kind of dissolved salts contained in water deter-
mine the amount of electric current that the water may conduct. The
specific conductance (expressed as micromhos at 25° C) indicates in
a general way the concentration of dissolved solids and is useful also
as an indication of other approximate relations. Specific conductance
when divided by 100 is approximately equal to the sum of the anions
or cations present in the water, expressed in equivalents per million,
and when multiplied by 0.7 is approximately equal to dissolved solids,
expressed in parts per million (ppm).

Percent sodium is determined by dividing sodium, expressed in
equivalents per million, by the total cations, also expressed in equiva-
lents, times 100. The percent sodium is critical in irrigation water
because water having a high percent sodium reacts with the soil or
accumulates in the soil so as to produce alkali conditions or alkali
soils.

Figure 18 is a plot of percent sodium versus dissolved solids ex-
pressed as electrical conductivity for 79 analyses of well-water samples
collected as shown in the explanation. The samples were selected so
as to provide representative geographic coverage of the Lompoc plain.
Indicated on this plot are the ranges of suitability of water for irriga-
tion purposes. Figure 18 shows that the ground waters of the Lom-
poc plain have ranged between the limits “good to permissible” and
“doubtful to unsuitable” since at least 1935. No single analysis indi-
cates a water wholly unsuitable for irrigation, but only two analyses
fall in the classification “excellent to good”.
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Boron is the third item to be considered in evaluating water for
fitness for use in irrigation. In small quantities it is beneficial to plant
life, but in higher concentrations it may have a definite injurious ef-
fect depending on the type of plant life. The permissible limits for
boron of the several classes of irrigation water are shown by Wilcox
(1948) in the following table.
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Permissible limits of boron concentration for several classes of irrigation water

Crop groups

Classes of water

Sensitive | Semitolerant | 'Tolerant
(ppm) (ppm) (ppm)

<1.00
0
0
0
>

COND =
888
chorot
[R R
S588

Unfortunately most of the water samples collected over the years
have not been analyzed for boron concentration. Based on a total of
3, 22, and 9 analyses in the years 1941-43, 1945, and 1948-53, respec-
tively, the average boron concentration is about 0.4 part per million,
the maximum observed concentration being about 1.1 parts per mil-
lion. According to the preceding table, a concentration of 0.4 part
per million of boron would indicate a water of good quality for even
the most sensitive crops. The only crop grown on the Lompoc plain
that is sensitive to boron is walnuts, and therefore for all other crops
the waters may be classified as “excellent to good” so far as boron is
concerned.

CHEMICAL QUALITY

The 25 water samples for which detailed partial analyses were made
during the period 1948-53 show various predominant ions, apparently
having in common only a high mineral content. This is in contrast
to the type of water most widely used for public and private supplies—
a calcium bicarbonate water in which calcium, magnesium, and bicar-
bonate make up the greater part of the dissolved mineral matter. For
the most part, calcium and sulfate are the predominant cation and
anion, respectively, in the ground waters of the Lompoc plain, and to
a lesser extent, sodium and chloride.

In the 70 individual samples tested for chloride content during the
period 1948-53, the average concentration was about 246 ppm. Only
about 20 percent of the analyses showed concentrations in excess of
300 ppm, and these were evenly distributed throughout the plain. As
pointed out by Upson (Upson and Thomasson, 1951, p. 163), the vari-
ation appears to be governed by the different formations that contain
the deep water body in different parts of the area. The highest concen-
tration, as much as 8,830 ppm in well 7/35-18J1, is in the shallow
water body near Surf, whereas the lowest concentrations are at the
eastern end of the plain. The average chloride content in test wells
7/84-9H3, 12E1, and 21E1 in the Lompoc upland is less than 100 ppm.

The specific conductance of 838 samples collected during the period
1948-53 averaged about 2,200 micromhos, and the hardness of 70
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samples averaged about 735 ppm. The percent sodium is low, averag-
ing about 30 percent. However, in water from one well near Surf
the percent sodium was more than 80. Several of the samples analyzed
for silica had a concentration of 20 to 55 ppm. In view of the extensive
deposits of diatomaceous earth in the foothill areas south of Lompoc
and of the fairly high concentration of silica noted in the ground
water, perhaps this constituent warrants more detailed investiga-
tion in the future, especially if the water is ever considered for in-
dustrial uses.

TYPES OF WATER

Most native waters contain relatively few dissolved constituents, the
cations (metals or bases) and anions (acid radicals) being in chemical
equilibrium with one another (Piper, 1944, p. 915). Usually the most
abundant cations are calcium, magnesium, and sodium. Other cations
usually occur in lesser quantities, unless the water is highly concen-
trated or of unusual composition. The major anions are bicarbon-
ate, sulfate, and chloride, and, as in the cation group, there are a num-
ber of anions that occur in lesser quantities. For the purpose of
study by use of trilinear diagrams, however, the water samples are
treated as though they contained only the three major cations and
three major anions.

If one of the principal cations (calcium, magnesium, or sodium) in
a water sample occurs in excess of 50 percent of the total cation group,
all ions expressed in equivalents per million, the water may be typed
according to the predominant cation as a calcium, magnesium, or
sodium water (Piper, Garrett, and others, 1953, p. 26). If the pre-
dominant ion is less than 50 percent, the water is typed according to
the first two predominant cations—for example, calcium-magnesium or
sodium-calcium water. This same process of water typing applies also
to the anions, so that a specific water sample may be typed as a sulfate,
bicarbonate, or chloride water, or asa combination type.

In figure 19, for samples collected during the period 1948-53, the
cation triangle shows a calcium-magnesium water to be the principal
water type in the cation group; the analyses show that calcium is
the predominant cation. However, the concentration of the other
cations suggests three possible occurrences: Leaching of salts by ir-
rigation waters, base-exchange activity, and salt-water intrusion.
The occurrence and the extent of any one of these possible waters is
not easily proved, because all variations of cation combinations occur
in about the same proportions.

In the anion triangle (fig. 19) the sulfate ion appears to predomi-
nate, although here also the concentration of the other anions, as in
the cation group, is sufficient to suggest one of three possibilities:
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FIGURE 19.—Chemical character of ground waters from the Lompoc plain.

Leaching of salts by irrigation waters, salt-water intrusion, or sul-
fate reduction.

The trilinear plot of figure 19 shows the chemical character of
water according to the relative concentration of its constituents, but
it does not show the absolute concentrations. By expressing the con-
centrations of the constituents in equivalents per million (milligram
equivalents per kilogram) the absolute concentrations of the various
constituents are obtained. The Colling (1927) bar diagram (fig. 20)
shows the absolute concentrations for 15 samples collected from se-
lected wells from 1948 to 1952.

Upson (Upson and Thomasson, 1951, p. 163) mentions the leaching
of salts, as irrigation water percolates from the shallow water body
to the deep water body, as a possible cause for high chloride content,
locally between 500 and 1,500 ppm, in the shallow zone. However,
these local high chlorides are more likely the result of concentration
of salts caused by evaporation of irrigation waters applied to clayey
soils and their subsequent downward percolation to the shallow
water body.
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Base-exchange reaction, or replacement of an ion in the water by
a different ion from the soil, usually of calcium by sodium, plays an
mmportant role in the alteration of ground water, especially in zones
of low permeability, and the most common result is a natural soft-
ening of the water. Only the proportions of the positively charged
ions (cations) are affected by natural softening, usually without any
substantial change in concentration. Briefly, in certain clay-forming
minerals the bases (calcium, magnesium, sodium, and potassium)
are held loosely in varying proportions. As pointed out by Piper,
Garrett, and others (1953, p. 85-90) in reviewing the literature, if
these minerals are in contact with a natural water and if they are
not in equilibrium as to the water’s chemical composition, they will
adsorb from the water ions for which they have a relatively strong
bond, releasing an equal number of ions for which they have a weaker
affinity. The water will show an increase in one or more of the bases
and a decrease in one or more of the remaining bases, usually according.
to the decreasing rank of the common bases (sodium, potassium,
magnesium, and calcium, in that order).

Available information is too meager to establish definitely whether
base exchange occurs in the ground waters of the Lompoc subarea, but
the data in table 9 suggest that a natural softening process might
possibly have been operative since at least 1985, with a resultant
average decrease of about 100 ppm in hardness. Base exchange is
offered by Foster (1942) as the explanation of the softening of salty
ground waters in coastal areas.
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Sulfate reduction, common in waters that are in contact with or-
ganic matter in the sediments that contain the water, is a molecule-
for-molecule substitution of bicarbonate for sulfate (Piper, Garrett,
and others, 1953, p. 90). The process itself and the extent of its
importance to the waters of the Lompoc plain are not fully understood.

INTRUSION OF SEA WATER

In discussing sea-water intrusion in the Lompoc subarea, Upson
(Upson and Thomasson, 1951, p. 164) mentioned the possible oc-
currence of a small wedge of sea water within the coastal end of the
main water-bearing zone. He suggested the possibility that, if pump-
ing increased or continued at the 1947 rate, the fresh-water head
might be reduced sufficiently in the main water body to allow sea
water to penetrate farther inland within the main water-bearing zone.

The landward movement of the sea-water wedge would be in con-
formance with the theory advanced by W. Badon Ghyben (1889, p. 21)
and Alexander Herzberg (1901), who independently worked out the
general relationship between sea water and fresh water in contact
within permeable deposits. The plane of contact, which is rather
sharply defined if no appreciable fluctuations in head occur, is de-
pendent on the differential densities of the sea water and fresh water,
roughly 1.025 to 1, so that for every foot of elevation above sea level
of the fresh water, the interface of the fresh water and sea water
will be 40 feet below sea level.

However, in recent years it has been pointed out (Todd, 1953, p.
749-754) that the application of the density ratio directly to determine
the depth to the interface is strictly applicable only under static
conditions of no movement of ground water, a condition that does
not exist in nature. Under conditions of ground-water flow, the in-
terface will be displaced in the direction of flow, usually by a sub-
stantial amount where steep hydraulic gradients exist. However, the
degree of displacement from that indicated by the 40:1 ratio ordi-
narily is not great where the hydraulic gradient is low, as in the
coastal segment of the main water-bearing zone beneath the Lompoc
plain.

In 1941 the water level in the main water-bearing zone was esti-
mated to be 8 feet above sea level at Surf, and the conclusion was
drawn that the interface of the salt water and fresh water was about
120 feet below sea level. Cross sections showed that the water-bearing
zone extended below this depth, so that the possibility of sea water
invading the water-bearing aquifer was real, should any extensive
pumping lower that 3-foot head. The contour map for the fall of
1951 shows that the head at Surf has declined only slightly and,
apparently, the position of the interface of the fresh water and sea
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water remained nearly the same. Although sea-water encroachment
has not yet become a critical factor, the danger still exists. Should
extensive pumping draw down the piezometric surface and cause an
inland hydraulic gradient to develop, a landward advance of the
interface of the fresh water and sea water would result.

CHANGES IN QUALITY OF GROUND WATER

For the past 10 to 15 years too few analyses of ground waters in the
Lompoc subarea are available to permit any definite conclusions with
regard to changes of quality. Average concentrations of selected
constituents are presented in the following table, but they should not
be taken too literally as indicators of specific changes because, in
most cases, the averages are based on completely independent analyses
for ground waters sampled from individual wells, only a few analyses
being given for any one well in each of the sampling periods. The
changes indicated for the three sampling periods, therefore, may or
may not represent a change in quality of the water bodies. In each
of the three sampling periods samples were collected so as to provide
geographical coverage on the entire plain.

Average concentrations of chemical constituents for ground walers of the Lompoc
subarea, 1936-63

1935 1941-43 1948-53

Constituent Number | Average | Number | Average | Number | Average

of concen- of concen- of concen-

analyses | tration | analyses | tration | analyses |:tration

(ppm) (ppm) (ppm)
Chloride (C). .. 37 180 61 230 70 246
Hardness as CaCOs. oo 37 817 61 722 70 735
Calcium (Ca). — 38 139 13 198 29 171
Bicarbonate (HOO; 38 453 13 468 29 402
Sulfate (SO -.--- - 38 202 13 620 29 417
Percent sodium. . ______________ 39 30 13 32 27 30
Specific conductance. micromhos at 25°C.. 39 11,800 13 2, 000 27 2, 300
Boron (B) - - oo 22 0.34 3 0.37 9 0.54

1 Approximate estimate based on total dissolved solids divided by 0.7.

In 1953, after a review of the adequacy of the sampling program,
12 samples for detailed partial analysis were obtained from wells
that previously had been sampled in either 1935 or 1941-43. The
sampling pattern provided full coverage of the plain, but significant
changes in quality were observed in only one area—the central western
part of the Lompoc plain just south of the mouth of Pine Canyon.
In this area several analyses show an increase in chloride concentra-
tion of more than 100 percent. Because sea-water intrusion has not
occurred (p. 102), the increase in chloride concentration must be due
to the leaching and concentration of salts from irrigation water and
(or) the mixing of the ground waters with some exterior contaminant.
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The investigation of that area is to be continued by the collection of
more samples for brief partial analyses in an effort to define the ver-
tical and horizontal limits of contamination. When the limits have
been defined, additional detailed partial or complete analyses of
ground waters within the area will be obtained and used in an effort
to determine the source of the contamination.

SUMMARY AND CONCLUSIONS

1. During the drought years 1945-51 ground water stored in the
alluvial deposits of the Santa Ynez River valley between Cachuma
Dam site and Robinson Bridge was depleted only a little—full recov-
ery being effected with the winter rains of 1951-52. The largest deple-
tion occurred in the Santa Ynez subarea, where water levels declined
as much as 9 feet between April 1945 and April 1951. Lesser declines
were observed in the Buellton and Santa Rita subareas.

2. Although the 1945-51 depletion of ground water stored in the
Santa Ynez subarea amounted to 50 percent of the total water stored,
the depletions in the Buellton and Santa Rita subareas were only
about 12 and 16 percent, respectively.

3. Little is known regarding the maximum seepage-loss rates of
the Santa Ynez River, but an imposing example of how fast large
quantities of water can be recharged to the younger alluvium and
river-channel deposits was obtained from daily water-level measure-
ments made in observation wells in the winter of 1951-52. In the
relatively short period January 7 to 18 a total gain in storage of
8,800 acre-feet occurred in the ground-water reservoirs of the
Santa Ynez, Buellton, and Santa Rita subareas. More precise data
concerning maximum percolation rates may be obtained during the
release of regulated flows from Cachuma reservoir down a dry chan-
nel with lowered water levels, The first of many such releases
planned by the Bureau of Reclamation indicated a maximum seepage
loss of about 18-second-feet, but the rate probably would have been
greater had the release been greater.

4. Data collected during the contemplated controlled releases from
Cachuma reservoir will assist the Bureau of Reclamation in determin-
ing an equitable operating program for the Cachuma project. As
presently constituted, the interim contract between the U. S. Govern-
ment and the Santa Ynez Valley Water Conservation District guaran-
tees the rights of the downstream users to the natural flow of the
river, but to permit at least that rate of flow at all times might result
in some loss of water. For example, if the ground-water storage in
the alluvial deposits of the river is at or near full capacity, the re-
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lease of water under the terms of the interim contract might well be
wasted by flow to the ocean, surface evaporation, or consumptive use
by native vegetation. Possibly the criterion in the final contract should
not be the release of water merely to hold water levels at a maximum
elevation, but rather some plan by which an inventory could be kept
of water “owed” to downstream users—the water to be released at
the most opportune time. Releases made at times during the season
of least evaporation and transpiration, when storage space was avail-
able, would be the most efficient.

5. Although hydrographs of wells in the alluvial deposits adjacent
to the Santa Ynez River show that water levels recovered fully as a
result of the 1951-52 above-average rainfall, only a slight recovery
was observed in the Santa Ynez upland. Water-level data in this area
show that withdrawals for irrigation during the period 1945-51 ex-
ceeded replenishment, but whether the long-term yield is being ex-
ceeded cannot be determined until water-level fluctuations are observed
during the next wet period.

6. Ground-water depletions in the Lompoc plain in the period 1945—
51 were somewhat greater than those observed in the alluvial valley
upstream from Robinson Bridge. At the eastern end of the plain, in
an area of concentrated pumping, water levels declined as much as 20
feet, to the lowest levels on record, but elsewhere on the plain deple-
tions were relatively minor. Recovery of water levels during the
winter rains of 1951-52 were substantial, but not complete, in the
areas of concentrated pumping.

7. Ground-water inventories in the Santa Ynez, Buellton, Santa
Rita, and Lompoc subareas show that estimated storage depletions
are inconsistent with ground-water withdrawals and estimates of
the known sources of recharge. Quantitatively they indicate that
additional sources of recharge exist or that sizable errors are in-
volved in one or more items of the inventory. The most likely sources
of error in the computations are the estimates of evapotranspiration,
deep penetration of rainfall, and return irrigation water, because they
are based on data from other areas. Soil sampling and the use of di-
rect measurements of soil moisture would confirm or correct these
estimates. Should this reexamination of the basin still fail to bring
into balance recharge, withdrawals, and change in ground-water stor-
age, the obvious conclusion would be that the consolidated rocks
bordering most of the perimeter of the river valley are sufficiently
fractured and adsorptive to store and transmit water to the alluvial
deposits along the river. If this is true, then the rate of recharge
to the fractured rock and the rate of transmission as underflow be-
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come critical elements in the determination of perennial yield. If
average yearly recharge to the consolidated rocks is meager—and
there are indications that this is so—then most of the apparent un-
balance between withdrawals and recharge is being sustained by the
depletion of a supply that was accumulated over the ages and which,
eventually, might cease to be of benefit. A study of soil moisture
and runoff in the mountain area might reveal the rate of recharge to
the consolidated rocks, but the critical element involving the rate of
transmission to the basin would remain unknown.

8. On the basis of the 1947-51 inventory and an assumed value for
rechargeable ground-water storage capacity, it would appear that,
during a drought of as much as 11-years’ duration, the Lompoc basin
might be able to support an average yearly pumpage of about 25,000
acre-feet. At the end of that period recoverable water would have
been depleted and the rate of recharge during the ensuing wet years
would be critical. The 1947-51 inventory shows that during above-
average rainfall seasons the storage volume beneath the Lompoc
plain undoubtedly would be filled rapidly, but information concern-
ing the rates of replenishment to the adjacent older deposits is almost
completely lacking. Unanswered, then, is the question of whether the
long-term average annual recharge is sufficient to meet a perennial
pumping demand of 25,000 acre-feet a year.

9. Throughout the drought years water levels at the west end of
the Lompoc plain remained above sea level, thereby preventing the
encroachment of sea water into the ground-water basin. The present
pattern and rate of ground-water withdrawal suggest that there is
no immediate danger of sea-water intrusion.

10. This report points out some rather sharp inconsistencies in the
hydrologic data collected to date and focuses attention on several
elements that will require reexamination before the perennial yield
of the Santa Ynez basins can be estimated with accuracy. Because
the full development of the water resources of the Santa Ynez River
basin will not be possible until the hydrology and geology of the area
are fully understood, it is essential that a continuing inventory be
made of the water resources. Special emphasis should be placed on a
re-evaluation of evapotranspiration by phreatophytes, return of ir-
rigation water, and the deep penetration of rainfall. The latter two
elements could be estimated simultaneously by means of soil-moisture
studies for over a period of 2 or 3 seasons. A refined estimate of use
of water by phreatophytes would require the operation of several
climatological stations and a classification of the phreatophytes by
type and area. '
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WELL-NUMBERING SYSTEM

The well-numbering system used in Santa Barbara County investi-
gations conforms to that used in essentially all ground-water investi-
gations made by the Geological Survey in California since 1940. It
has been adopted as official by the California Division of Water Re-
sources and by the California Pollution Control Board for use
throughout the State.

The wells are assigned numbers according to their location in the
rectangular system for the subdivision of public land. For example,
in the number 6/32-9A2 the part of the symbol that precedes the
hyphen indicates the township and range (T. 6 N., R. 32 W.). The
one or two digits following the hyphen indicate the section (sec. 9),
and the letter indicates the 40-acre subdivision of the section as shown
in the accompanying diagram.

D C B A
E F G H
9
M L K J
N P Q R

Within each 40-acre tract the wells are numbered serially as indicated
by the final digit of the symbol. This well 6/32-9A2 is the second
well to be listed in the NE14NE1, of sec. 9. As virtually all of the
Santa Barbara County is in the northwest quadrant of the San Ber-
nardino base and meridian lines, the foregoing abbreviation is suf-
ficient for the County. Some parts of the County have never been
public land; for these the rectangular system of subdivision has
been projected.

465541—59——8
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